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PREFACE 



In the mid 1980‘s - while a student at the department of econometrics at the 
Free University - I became an assistant at the Institute for Environmental 
Studies (IvM) of this university. My main task was assisting with the com- 
putational aspects of the project 'an integrated environmental model: a case 
study in the Markiezaat area'. A number of methodological problems were for- 
mulated during the operationalization phase of that project, such as the need 
to develop systematically an integrated model design and to look for means of 
handling different sources of information. 

Prof. Dr. P. Nijkamp of the Department of Regional Economics and Drs. L. 
Hordijk - at that time leader of the economic-technological research group at 
the IvM - therefore initiated a project proposal to be supported by the 
Netherlands Organisation for the Advancement of Pure Research (ZWO). 

Meanwhile I became an assistant to Prof. Dr. P. Nijkamp, surveying qualita- 
tive statistical developments in the field of regional inequality analysis. 
This inventory has been shown to be a relevant basis for the preparation of 
this book. 

In spring 1982 I began working at IvM on the above project on integrated 
environmental modelling. 

I am deeply indebted to Prof. Dr. P. Nijkamp for his support, enthusiasm as 
well as his criticism, during the whole period of this study. I would also 
like to thank Drs. L. Hordijk, who initiated the project, and his successor. 
Dr. W.H. Hafkamp. The grants from ZWO under project numbers 46-079 and 46-125 
are also acknowledged, and greatly appreciated. 

Most of Chapter 2 was prepared during a stay at the International Institute 
for Applied Systems Analysis (IIASA) in Austria. I would like to express my 
thanks to the Foundation IIASA-Nederland for their financial support during 
my three months at IIASA. 

The numerical results in Chapter 7 are based on data from a parallel project 
at IvM on outdoor recreation and natural environment in the Biesbosch area. I 
gratefully acknowledge the coordinator of that project, Drs. S.W.F. van der 
Ploeg, for provision of this data. 

Secretarial assistance at the Institute gave me the opportunity to finish 
this study in time, and I want to thank all of the secretariat for their 
willingness and patience to take care of and revise the various draft chap- 
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ters of this study on a word processor. 

Ms. A. Gilbert took care of the English style, and her suggestions have led 
to an improvement of the text. Her support is also greatly appreciated. 

Last but not least I want to thank my wife and best friend Cobi for her moral 
and technical support as well as her criticism to improve the style of this 
book. 

Floor Brouwer 

Sudstadt, January 1987 
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CHAPTER 1* INTRODUCTION 

1.1. REGIONAL ECONOMIC MODELLING 



Macro- economic- oriented models have been developed in the past thirty years 
£or many countries, both for free market enterprise economies as well as for 
centrally planned economies. Such models often include policy simulations on 
the basis of estimates of economic growth indicators such as national con- 
sumption, production, employment, etc. Meanwhile many sophisticated tools 
have been developed for economic models at the national level in order to 
incorporate, among others, dynamics, (dis) equilibrium, and technological 
development. 

The main focal point of economic modelling approaches at the regional level 
is that such approaches aim at including the spatial aspects (i.e. the spati- 
al distribution and interaction) of economic development. Regional economic 
models and sector models have increasingly become operational since the end 
of the sixties and the beginning of the seventies, as tools for regional 
planning and policy making, in order to investigate the consequences of al- 
ternative policy instruments or conflicting policy options. Such regional 
models may provide a framework for measuring the efficiency and equity of 
alternative economic policies. An example of a regional economic model devel- 
oped at the end of the sixties in the United States can be found in Klein 
(1969), who specified a regional industry model which is linked to existing 
national economic models. Major research efforts concerning the development 
and application of regional economic models in that period were made in the 
field of models for land use planning and transportation analysis. 

Generally speaking, the regional models developed in the late sixties and 
early seventies were analogous to and consistent with the existing national 
economic models, and hence were focusing attention on the spatial/ temporal 
evolution of variables such as production, consumption, employment and in- 
come. During the first stage, the spatial dimension of the regional models 
covered primarily only one region. 

After several years, the progress and increased efforts of research activi- 
ties in the field of regional economic modelling led to the inclusion of 
multiregional phenomena and interregional linkages. Interregional economic 
models are models which include the linkages between regions in terms of, for 
example, interregional trade of commodities, flows of workers, or migration 
flows (see also Nijkamp et al., 1986 for a discussion of the main progress 
during the eighties and the state-of-the-art in the field of regional and 
multiregional economic models, and Courbis, 1979, for an application of an 
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interdependent multiregional-national model with 22 regions for support in 
French planning)* 

Regional economic models permit various types of economic and demographic 
oriented activities to be taken into account (e.g., production, demand for 
production factors, balance between supply and demand of labour). Figure 1*1 
shows a simple illustration of the scope of regional models including econo- 
mic and demographic phenomena* A distinction has been made in this figure 
between a demand- and a supply-oriented economic component, and a demographic 
component • 




1 = demand oriented part (e.g., demand for land, capital 

or labour, and final demand) • 

2 = supply oriented part (e*g*, supply of labour, capital, 

transportation facilities, energy, production) . 

3 * demographic part (e*g*, population size). 



Figure 1.1. Venn diagram of interrelations exhibiting the scope of a regional 
economic model. 



A regional economic model may emphasize one or more of the three regional 
compartments mentioned in the figure. Intersections of the circles are 
achieved when at least two compartments are included in a model. A mixed 
supply/demand-oriented regional economic model for example, will emanate in 
the intersection area from 1 and 2 in the figure, without having any inter- 
section with the demographic part. However, a regional economic model with a 
supply/demand-oriented component, while also including demographic phenomena, 
will be represented in the figure by means of the intersection of all parts. 
For an example of a supply/demand-oriented interregional policy model for the 
Netherlands see Lesuis et al. (1980), or for a demand/demographic-oriented 
regional model of regional labour markets in Austria, see Baumann and Schu- 
bert (1980). An example of a supply/demand- oriented model which also in- 
cludes demographic variables can be found in Courbis (1979). A comprehensive 
international review of multiregional economic models can be found in Issaev 
et al. (1982). 

The modelling approaches mentioned above may be used either for analytical 
purposes, or for policy and planning purposes. They only include a limited 
number of relevant economic phenomena. Limitations like scarcity of land, 
availability of energy and natural (renewable or nonrenewable) resources, 
environmental constraints, and quality of life were often not explicitly 
taken into account. Only since the end of the seventies such more comprehen- 
sive regional models have come into being. 
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1.2. ENVIRONMENTAL ISSUES IN REGIONAL ECONOMIC MODELLING 

The major focus of economics is upon production, choice and distribution of 
goods and services. In particular it concentrates on the manner in which 
man employs scarce resources in alternative ways. 

Concern for environmental decay in our society already dates back to at least 
the thirteenth century when a city, say London, suffered air pollution prob- 
lems from the burning of soft coal. The interdependence between economic 
activities and environmental phenomena might be seen also at least one hun- 
dred years ago when the increased demand for wood and agricultural products 
in European countries have led to environmental impacts such as deforestation 
in Far East countries (Clark, 1986). However, the inclusion of environmental 
phenomena in economic analysis dates back to the nineteenth century when 
Malthus and Ricardo described a scenario of limitations on the growth of 
population, and the availability of agricultural land. Malthus defined human 
well-being in terms of the ratio of environmental resources (such as food 
production) to human population. 

The major environmental issue since the middle of the twentieth century is 
pollution (either of air, water, or land), because that period was character- 
ized by rapid economic growth together with a growing concern for environmen- 
tal decline and for limits of natural resources. However, it was not before 
1960 that 'pollution was widely recognized by economists and others as a 
serious threat to human well-being' (Fisher and Peterson, 1976, p. 3). Since 
the end of the sixties environmental problems have come to the fore as a 
major issue in our society. This has also led to the emergence and popularity 
of environmental sciences. 

Environmental sciences are typically multidimensional because the pertaining 
phenomena emerge from different disciplines, such as economics, ecology, 
demography, geography, natural science and socio-political science, and also 
cross the boundary of single disciplines (see also Nijkamp, 1977). Urban 
quality of life for example, is based upon a multidimensional environmental 
phenomenon that can only be adequately represented by means of a multidimen- 
sional vector profile with elements containing the quality and size of dwel- 
lings, the availability of natural parks and recreational facilities, trans- 
portation and educational facilities, etc. The environmental phenomena are 
therefore pluriform in nature and emerge from various disciplines. 

One of the first attempts to include environmental issues in the frame of 
(regional) economic modelling is the input-output (or I/O) approach developed 
by Isard, Leontief and Cumberland (see for example Isard, 1968). The input- 
output models provide a description of the production side of an economy. 
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with sectoral linkages between input requirements and deliveries of output* 
Emissions of pollutants are incorporated in an I/O model, and are linked to 
the economic production sectors* 

The environmental issues in regional economic modelling arise in a new branch 
of economics, viz* environmental economics* This (sub) discipline mainly fo- 
cuses on the economic aspects of pollution and of environmental quality* 
Pollution of air, water and soil are the major environmental impacts of human 
economic activities such as production and consumption* Relevant environmen- 
tal resources to be included in the framework of environmental economics are 
land, soil, water, air, plant and animal life ( Lakshmanan and Bolton, 
1986). 

An integrated modelling approach for the inclusion of environmental issues in 
regional policy impact analysis is a new branch in the field of environmental 
economic research, initiated mainly in the mid seventies* 

1*3* INTEGRATED ENVIRONMENTAL MODELLING 



Since the early seventies a great many efforts have been made at modelling 
the interactions between economic activities, demographic development, and 
ecological processes at a regional scale* The need to include the spatial 
aspects and the spatial distribution led to the development of such models at 
the regional level (see also the progress in the field of regional economic 
modelling as mentioned before in Section 1.1)* The main reason for modelling 
the complex connections between economy and ecology was the growing awareness 
of the far reaching environmental impacts of economic activities* The formal 
representation of such modelling approaches will be coined here integrated 
environmental models (shortly, IEMs)* 

Environmental phenomena such as emissions to the air, depend on spatial vari- 
ation, because of relationships with industrial activities and of population 
density* 

The increased interest in this research area is inter alia reflected in the 
UNESCO programme Man and Biosphere, which was initiated in 1971, and is aimed 
to 'build a research bridge' between ecological, economic, and social scien- 
ces as well as to elaborate a methodology for linking ecological processes 
and (socio) economic phenomena with each other* 

Many attempts have been made in the seventies to model the interactions be- 
tween economic and environmental processes at the national level* An example 
of a large-scale national- regional integrated modelling approach is termed 
the Strategic Environmental Assessment System (SEAS) model* This model has 
been developed for the Environmental Protection Agency in the United States, 
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and it represents a set of interlinked economic, environmental and energy 
models. The regional impacts are also included in the SEAS model. The SEAS 
model is based on a dynamic input-output model of the United States with 185 
sectors that release pollutants into air, water and land. It has been used to 
evaluate the impacts of federal environmental and energy laws and policies 
(Lakshmanan and Bolton, 1986; Lakshmanan and Ratick, 1980). 

A multiregional model for the economic, environmental, and energy consequen- 
ces of national and regional policies is developed by Lakshmanan (1983) at 
the US Bureau of Economic Analysis. The model, called a Multi Regional Model 
of the Economy, Environment and Energy Demand (MREEED) , is a tool for the 
assessment of economic, environmental, and energy impacts of national and 
regional policies. 

In the sequel to this study an I EM is defined as a model which represents the 
regional structure of economic, ecological, and socio-geographical processes 
as well as their mutual relationships (see also Nijkamp and Opschoor, 1977) • 
Such a model may be used for description, evaluation, or forecasting. 

1.4. OUTLINE OF THE STUDY 

The aim of this study is (i) to develop some new methods for designing an 
I EM, (ii) to develop some mathematical tools for the operationalization of an 
I EM, and (iii) to develop an integrated environmental modelling approach for 
the Biesbosch area in the Netherlands. In order to do so, this study has been 
subdivided into three main blocks. Table 1.1 shows the outline of the study. 
The three main parts, each consisting of two chapters, will be discussed 
briefly below. 

Part A is an introduction to integrated environmental modelling . A survey of 
fourteen IEMs will be discussed in Chapter 2, which cover various environmen- 
tal categories related to water, air, and land use. This survey representing 
the state-of-the-art, also demonstrates that all types of environmental cate- 
gories can, at least in principle, be implemented and operationalized by 
means of IEMs. 

The main characteristics and the correspondence between the models out of the 
survey will be evaluated in Chapter 3 with respect to nine features and cri- 
teria characterizing the IEMs. 

Part A shows that a systematic approach is necessary to operationalize the 
conflicting issues included in the framework of an I EM. 

Part B deals with the methodology of integration and mathematical tools to 
operationalize such IEMs. Systems theory, which will be discussed in Chapter 
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Table 1.1* Outline of the study. 



Chapter 1 : introduction 



Part A : introduction to integrated environmental modelling approaches: 
a survey with an evaluation 



Chapter 2 : a survey of IEMs 

Chapter 3 : an evaluation of the survey 



Part B : methodology and mathematical tools to operationalize an IEM 



Chapter 4 : a systems approach to an IEM 

Chapter 5 : statistical and econometric tools to operationalize an IEM 



Part C : an integrated environmental modelling approach 



Chapter 6 : design of an IEM; causality/qualitative analysis of an IEM 
Chapter 7 : outdoor recreation in the Biesbosch area 



Chapter 8 : conclusions 



4, is a helpful methodological framework to integrate phenomena originating 
from various disciplines. A recently developed framework of integration, 
called the satellite design, will also be presented in that chapter. This 
satellite design of an IEM is an hierarchical model structure with systems 
and interrelated sub-systems, which is based upon three levels, viz.: 

(i) the core level, which is considered to be the central part of the anal- 
ysis. The determination of the core is based on a priori knowledge, or 
a priori assumptions concerning impacts; 

(ii) the second level, which represents the aspects from the core level, 
related to the other phenomena in the analysis; 

(iii) the third level, which consists of the relationships between the pheno- 
mena that are not covered by the core level. 

Some statistical and mathematical tools to operationalize an IEM will be 
presented in Chapter 5, dealing with various levels of information, viz. 

(a) the available information in IEMs may be not known with sufficient 
precision to draw reliable quantitative (cardinal) conclusions concern- 
ing analytical or policy aspects. Graph theory may then be a useful 
tool in case of: 

- binary information on the causal structure to establish an hierarchi- 
cal ordering of stimulus- response patterns; 

- qualitative information on the stimulus- response patterns to solve a 
set of equations and to determine the qualitative impacts of policy 
variables. This is also be called the sign-solvability approach. 

(b) the different data sources of IEMs may provide information measured at 
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various metric scales, varying from a nominal, an ordinal to a cardinal 
scale of measurement* A family of interrelated statistical models is 
covered by the generalized linear model (or GLM) approach, including a 
wide range of linear models for metric and non-metric information* 

(c) the information on economic, social, and environmental phenomena may be 
multivariate and complexly structured in nature* Scaling methods are 
often used to extract and quantify the relationships among the multi- 
variate items* 

The design and mathematical tools with regard to an integrated environmental 
modelling approach for recreational activities in the Biesbosch area in the 
Netherlands will be presented in Part C of this study* The design of an IEM 
will be defined in Chapter 6 for the Biesbosch area by making use of the 
satellite concept of integration* The causal model structure of the stimulus- 
response patterns will also be discussed by making use of graph theory (in 
terms of directed graphs) to trace out the hierarchical nature of variables* 
Information, in addition to the binary relationships on the causal model 
structure, may also be available with respect to the signs of the impacts 
between variables* The sign- solvability approach (interpreted now in graph 
terms by means of signed directed graphs) will be used for a simulation model 
to determine the qualitative impacts of stimulus patterns on the response 
variables • 

Chapter 7 shows some mathematical tools which are used in case of modelling 
environmental phenomena in the Biesbosch area* Special emphasis will be 
placed on a spatial characterization of the various aspects related to out- 
door recreation, viz*: 

(a) an exploratory analysis of the recreational activities, with respect 
to, among others, the type of boats used by recreationers , and the 
distance to the home address* This approach makes use of log-linear 
models; 

(b) an explanatory analysis with respect to the place where the daily pur- 
chases will be bought, in terms of the number of days of staying in the 
area and the distance to the home address* This approach makes use of 
linear logit models; 

(c) a multivariate analysis with respect to the relevance of various pheno- 
mena to spend a period in the Biesbosch area, such as environmental 
phenomena, and phenomena regarding to the availability of recreational 
facilities* The approaches make use of a HOMALS procedure and a multi- 
dimensional scaling procedure; 

(d) a stimulus- response analysis with respect to the type of boats, and the 
various types of recreational activities in the Biesbosch, which makes 
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use of a path analysis model* 

This study will be evaluated and finished with Chapter 8 where some conclu- 
ding remarks will be presented concerning the design of an I EM and the tools 
to operationalize an IEM* 




PART As 

INTRODUCTION TO INTEGRATED ENVIRONMENTAL MODELLINGS 
A SURVEY AND AN EVALUATION 
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CHAPTER 2. INTEGRATED ENVIRONMENTAL MODELS: A SURVEY 
2.1. INTRODUCTION 

The main aim of treating these models here is to indicate the wide range of 
situations in which integrated environmental models ( abbreviated as IEMs) 
have been applied in the past ten years (e.g., in water resource management 
models, land use planning models, agricultural, regional and urban planning, 
as well as ecosystem management planning models) • Fourteen integrated envi- 
ronmental models will be discussed. This is a small but fairly representative 
sample of models which have actually been operationalized. The next chapter 
evaluates the strong and weak points of each of these models. The models 
originate from various countries with different fields of application, and 
use various mathematical tools for integrating the successive modules. Exam- 
ples of such mathematical tools are, among others, optimization, simulation 
and evaluation techniques. An exhaustive survey of IEMs is given by Braat and 
van Lierop (1984). Such models are characterized by a multidisciplinary ap- 
proach to environmentally relevant phenomena originating from different dis- 
ciplines. There are links - either direct and/or indirect - between various 
constituent modules which have their background in different disciplines such 
as (regional) economics, ecology, demography, recreation, geography etc. In 
the sequel of this chapter, a module will be interpreted as a set of inter- 
related - often monodisciplinary oriented - variables which have their back- 
ground in a specific, identifiable part of a compound environmental phenome- 
non. Brief background information on the origin of the 14 models to be dis- 
cussed here is given in Table 2.1. 



Table 2.1. Background information on 14 integrated environmental models. 



Section 


Title of study/paper 


Authors 


Country 


(2.2) 


Multiobjective control of 


L. Ducks tein, I.Bogardi, 


Hungary 




nutrient loadings into a lake 


L. David 




(2.3) 


Simulation of regional 


W.R. Boynton, 


U.S.A. 




development and fishery activi- 


D.E. Hawkins, C. Gray 






ties 






(2.4) 


Policy analysis of water 


B.F. Goeller et al. 


Netherlands 




management 
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Table 2.1 (continued). 



Section 


Title of study/paper 


Authors 


Country 


(2.5) 


Policy analysis of the Ooster- 
schelde 


B.F. Goeller et al. 


Netherlands 


(2.6) 


Impact analysis of flood plain 
models 


K.C. Tai 


U.S.A. 


(2.7) 


An economic-ecological model for 
land-marine integrated develop- 
ment 


S. Ikeda, H. Hakanashi, 
Y. Nishikawa 


Japan 


(2.8) 


Environmental ecosystem quality 
management model 


R.A. Kelly, C.S. Russell 
W.O. Spofford 




(2.9) 


TLM of a national-regional 
economic-environmental model 


W. Hafkamp 


■ 


(2.10) 


Systems approach of economic- 
environmental-energy analysis 


I.M. Andreassen, 

H. Ahlblom, A-M. Jansson, 
G. Spiller, J. Zucchetto 


Sweden 


(2.11) 


Simulation of impacts of 
herbicides on the environment and 
agriculture 


M.T. Brown 


Vietnam 


(2.12) 


Economic-ecological analysis by 
simulation and optimization 


S.C. Loner gan 


Canada 


(2.13) 


Urbanization and environmental 
planning and design 


P. Rogers, C. Steinitz 


U.S.A. 


(2.14) 


Integrated regional environmental 
model for land use planning 


J.W. Arntzen, L.C. Braat 


Netherlands 


(2.15) 


Interactions between economy, 
ecology in a region of intensive 
agriculture 


N. Mtiller, B. Thober, 
H. Lieth, S. Fabrewitz 


F.R.G. 



The models in Table 2.1 have been classified according to their main environ- 
mental phenomena, viz. water- related, air- related or land-use related envi- 
ronmental phenomena. 

The integrated models which will be discussed in Sections 2.2 to 2.7 deal 
with environmental aspects related to water (e.g. , water quality, water 
shortage or water flood) • The models to be discussed in Sections 2.8 and 2.9 
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deal with environmental aspects related to air (e.g., residuals, emission 
and dispersion) and the models which will be discussed in Sections 2*10 to 
2*15 are related to various types of land use (e.g., agricultural activities, 
regional physical planning) • 

Two general characteristics of the 14 selected IEMs can now already be men- 
tioned on the basis of the information contained in Table 2*1* First, all of 
them have direct or indirect feedbacks between an economic and an ecological 
module. The IEMs may be termed also economic-ecological models because of the 
emphasis which is placed upon the integrated analysis of relevant phenomena 
from both disciplines. 

Second, the models are operationalized with impacts measured at a regional 
level. However, it should be noted that the size of a region depends on the 
country concerned; in the U.S.A., for example, the size of a state may be 
equal to a small European country. The size of a region in the above mention- 
ed sample is relatively vague, as it varies between the national level and 
the local level; no further distinction can be made to characterize a region 
precisely. Some models have also links between regions and are therefore 
called multiregional models (viz., the models in Sections (2.4) and (2.9)). 

The main points of reference for discussing each I EM from Table 2.1 are: 

( 1 ) the type of modules that have been applied when operationalizing an inte- 
grated environmental model. One may consider modules representing pheno- 
mena or processes from various disciplines, such as (spatial) economics, 
ecology and demography as well as transportation analysis and recreation 
analysis • 

(2) the characterization of the modules, especially features of the links 
between the modules. A distinction can be made between interdisciplinary 
relationships ( links between variables which cross the boundaries of 
different modules) and intradisciplinary relationships (links between 
variables from one module) • 

(3) the time horizon (also called temporal coverage) of the model analysis as 
well as the time dimensions (or temporal resolution) from the separate 
modules; 

(4) the spatial dimension of the modules, subdivided into spatial coverage 
and spatial resolution; 

(5) the dimensions of the variables to operationalize an I EM. The variables 
can be characterized in, for example, monetary terms, energy flows, nom- 
inal terms or dimensionless figures. The main question to be discussed 
here is whether the variables are denoted by their natural dimensions 
which originally characterize these variables or whether they are trans- 
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formed into other dimensions* A transformation of different dimensions 
into equivalent dimensions may be useful in case of linking such vari- 
ables* 

(6) the use of mathematical tools * Examples of modelling approaches are opti- 
mization (e*g., linear or nonlinear 4oathematical programming), simulation 
(e*g*, differential or difference equation models) , input- output analysis, 
statistical or econometric modelling, scenario analysis, or decision 
modelling (e*g* multiobjective decision analysis)* 

With these points of reference in mind, a precise presentation of 14 integra- 
ted environmental models is given in the next sections* 

2.2. MULTIOBJECTIVE CONTROL OF NUTRIENT LOADINGS INTO A LAKE 

The study was initiated to analyse the possibilities for control of the level 
of nutrient loading in water resulting from agricultural activities and re- 
gional development (see Duckstein et al*, 1980, 1982)* The control of nu- 
trient loadings has a tradeoff relationship with agricultural benefits and 
regional development* The aims of the analysis were to obtain an analytical 
framework for reducing phosphorus loadings from a watershed to a waterbody, 
and also to control nutrient loading in water* The Lake Balaton area in Hun- 
gary was used as a case study* 

In the analysis it is shown that an increase of phosphorus loading is deter- 
mined by, among others, commercial and natural fertilizers, and has a nega- 
tive effect on water quality because of eutrophication (*)• The two basic 
elements of the analysis (economic growth and reduction of phosphorus in 
water) are mutually dependent, and also are conflicting in nature since eco- 
nomic growth (denoted by an increase of agricultural benefits) may require 
increased use of fertilizers* A reduction of phosphorus loading may be achie- 
ved when a higher level of water quality control is introduced, which will 
reduce economic benefits through rise of the costs of agricultural activi- 
ties* The mutual dependence between the reduction of phosphorus loading and 
the benefits of agricultural activities is analysed by means of a multiobjec- 
tive framework* An ideal solution can only be obtained when both ojectives 
are optimized independently from each other* However, such a solution is 
nonfeasible because of the dependence between both objectives* For this rea- 
son, a compromise programming solution has to be determined, which can be 
obtained by minimizing the distance between the ideal solution and the set of 
feasible solutions* The aim is to achieve an 'acceptable 1 level of both the 
phosphorus loading in water and the economic benefits* The 'acceptable' level 
(*) (a heavy growth of algae which especially occurs in still waters)* 
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has to be chosen by policy makers* The compromise programming approach with 
two objectives makes use of the following objective function: 



Minimize L 

P 



2 



( I 



a P |Max(i) - f (1)| P j 1/p 

1 |Max(i) - Min(i)| p 



( 2 . 1 ) 



where f(i) is a feasible solution of objective i, Max(i) and Min(i) are the 
maximum and minimum values of objective i (i ** 1/2), the preference 
weight or importance of the objective and p a parameter of the preference 
weight as well as of the Minkowski distance metric for both the numerator and 
the denominator (p > 1 ) • The preference weights are normalized by * 1 

and denote the relative importance of each objective* The parameter p has 
been put equal to one by the authors; this means that the numerator as well 
as the denominator are both absolute values of differences* 

The two parts of formula (2*1) represent numerical operations on variables in 
order to transform them into dimensionless figures* The natural dimension of 
the reduction of phosphorus loading from commercial and natural fertilizers 
used in agriculture is denoted in terms of percentages and can now via (2*1) 
be compared with the yields from agricultural activities whose natural dimen- 
sions are originally denoted in terms of money* 

Other interrelated sectors of interest can be used analogously in the multi- 
objective approach by using a transformation into dimensionless figures* 
Examples are, among others, industrial development, drinking water supply or 
flood control* 

The analysis for relating agricultural activities to lake eutrophication is 
summarized in Figure 2*1* An indirect relationship is also considered in this 
figure, viz*, between agricultural activities and lake eutrophication* Lake 
eutrophication is the result of phosphorus loading and has been used here 
only as a background relationship because it is not included in the compro- 
mise programming procedure* It should also be noted that no temporal dimen- 
sion is included here and that the compromise programming procedure is com- 
paratively static in nature* The spatial coverage includes the Lake Balaton 
area in Hungary, without a further spatial subdivision being made within the 
area* 

An advantage of the compromise programming procedures in this example is that 
the compromise solutions for alternatives whose variables originate from 
different disciplines (i.e*, economics and ecology) are related to each other 
in a rather straightforward way* However, a disadvantage of this approach is 
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that in the analysis no distinction can be made for the difference in quali- 
tative nature of the variables as the units of measurement are directly 
transformed into dimensionless figures* 




Figure 2.1. Trade off between agricultural activities and phosphorus loadings. 



2.3. SIMULATION OF REGIONAL DEVELOPMENT AND FISHERY ACTIVITIES 



The study area - the Franklin County in Florida (USA) - is a coastal region 
with a local economy which is traditionally dependent on water- resource-based 
activities, with emphasis on the oyster fishery activities in Apalachicola 
Bay (see also Boynton et al., 1977). The local oyster industry accounts for 
about 50% of total county income, and so is extremely important for the re- 
gional economic value added. The fishery industry is related also to environ- 
mental aspects, because the yields from such industrial activities depend 
heavily on water quality (e.g., organic matter concentration). 

The aim of the study was to analyse whether additional economic activities 
could be made without getting into conflict with the fishery -based economy, 
which at worst might even eliminate the fishery economy in the Apalachicola 
Bay. For this reason, the analysis must evaluate the sensitivity of the local 
oyster fishery to the additionally planned developments in the region, and 
must incorporate the effects of changed levels of natural inputs and urban 
development. The change of urban development in the region mainly consists of 
recent and expected changes in tourism and the cattle industry, as well as 
additionally built retirement houses and expanded shipping facilities. The 
goal of the analysis is to obtain a balance between such economic activities 
and its ecological impacts. 

An energy model has been developed for this region, which includes all rele- 
vant regional aspects, denoted in terms of energy, materials and money flows. 
The model has been operationalized at the county level, a more aggregated 
level than the local level at which the fishery activities take place. The 
reason to use a more aggregated level than the local level was that it might 
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be easier to include all relevant direct as well as indirect economic and 
ecological consequences at such a higher scale level* The detailed interac- 
tions contained in the regional model are investigated by modules with a 
lower scale* 

A regional model of the Apalachicola Bay consists of three interrelated main 
modules : 

(i) the Apalachicola Bay module with its biotic and physical parameters; 

(ii) the oyster industry module; 

(iii) the county development module* 

A small number of pathways of energy and money flows from the model structure 
is illustrated in Figure 2.2. 

county development module 




Figure 2.2* Illustration of the pathways between the three modules. 

The intended regional economic development in the Franklin County (viz. chan- 
ges in the cattle industry, tourism, construction of retirement homes and 
expanded shipping facilities) is denoted by the county development module, 
and it is at a more aggregated spatial level than the modules of the oyster 
fishery activities. The ecological and economic framework of the Apalachicola 
Bay is represented successively by means of modules (i) and (ii) • The flows 
between variables from the three modules is represented either in money 
terms, in energy terms or in number of persons (Boynton et al., 1977, p. 
484). The model was simulated by means of nonlinear differential equations. 
See for example the equation which represents the rate of change of the oys- 
ter industry capitals 
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2 9 “ k 27 2 10 2 11 " k 7 C 9 ” k 28®9* <2,2) 

at 

with: Q g * oyster industry capital; 

Q 10 ® oyster industry structure; 

^11 = standing crop of oysters in the bay; 
k?, k 2 7 # k 2 Q are parameters. 

Decisions whether or not to include some variables in the model were based 
on literature surveys as well as fieldwork conducted in the bay. The model 
consists of the regional energy sources which are dominant and/or expected to 
change* Model results were tested against field observations with historical 
data to determine whether the selected factors are the relevant ones and 
whether the coefficients are correct. Boynton et al. (1977) only mention 
"that major interactions and forcing functions have been included" (Boynton 
et al. (1977), p. 493). 

The model has been simulated for the period 1970-2000, and an extended model 
simulation with the year 2120 as time horizon has also been made (150 years 
forecasts) • Simulation results have been used already in county planning 
decisions. However, it should be noted that all external forcing functions 
are assumed to be under constant levels, with 1970 as year of reference. The 
consequences of different management decisions have been explored by the 
model simulations; for example, a one year closure of the Bay with no oysters 
allowed to be harvested. 

2.4. POLICY ANALYSIS OF WATER MANAGEMENT FOR THE NETHERLANDS 



The PAWN-study concerning the water managemant analysis for the Netherlands 
was a joint research effort carried out by the Netherlands Ri jkswaterstaat, 
the Delft Hydraulics Laboratory, and the Rand Corporation, Santa Monica, Cali- 
fornia (USA); this project started in 1977 and was finished in 1982. 

The primary task of the project consisted of two parts (see also the summary 
report of the PAWN-study, Goeller et al., 1983): 

(i) development of a methodology for assessing the multiple consequen- 
ces of water management policies; 

(ii) application of the methodology obtained from the project to develop 
alternative water management policies for the Netherlands and comr- 
parison of their consequences. 
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The methodology is shown in Figure 2*3 with the links given between the mod- 
ules* 

The water management problems of the Netherlands can be distinguished into 
shortage, salinity (salt water from the North Sea and the increasing salinity 
of the Rhine river are the main sources of salinity) , other water quality 
issues and flood* Water salinity for example, can damage crops and has a 
negative influence on the natural environment and human health. 

The above mentioned water oriented management problems are sometimes rather 
paradoxical, as some regions in the Netherlands suffer from a shortage and 
others from an excess of water* An increase in population and industrializa- 
tion may cause a shortage of water, water quality problems and also environ- 
mental and distributional problems* All such events have consequences for 
both the regional and national level of water management (more details about 
regional and national water management policies can be found in Goeller et 
al., 1983). 

The problem of shortage or flood of water in various regions shows an advan- 
tage of analysing water management policies at a regional level* Regional 
differences might be averaged out when the spatial level is the national 
level because of the aggregation process* The spatial coverage of the anal- 
ysis includes the whole country and the spatial resolution is based on 77 
regions • 

The policy options contain a mixture of tactics, each of which may affect 
water management* Examples of such tactics are an investigation of new flush- 
ing rules for lakes, or an expansion of the water supply capacity in some 
areas* Such tactics influence demand and/or supply of water* A combination of 
several tactics will be called a strategy. 

The analysis of water management does not consist of one large model* Each 
box in Figure 2.3 denotes a module which is linked directly to the water dis- 
tribution module (DM) and has been analysed separately from the other modu- 
les. The methodological aspects of the PAWN-study are discussed in detail by 
L§gr«Ldy (1983). The water distribution module is the core of the analysis 
because of its direct impacts with all other modules and because it simulates 
the distribution of water between the supply and demand part* A balance be- 
tween supply and demand from the different sectors is obtained from and regu- 
lated by the DM. The DM gives information on flows, levels, discharges, pol- 
lutant concentrations, shipping depth, operating costs for sprankling and for 
tactics, low water shipping losses, shortages and salinity losses for agri- 
culture. Figure 2.3 presents two circles representing supply and demand. The 
modules belong to one circle, depending on whether the module affects the 
supply of or the demand for water* 





Figure 2.3. PAWN-system diagram. 

(Source: Goeller et al., 1983, p. 57) 

The demand for or supply of water is computed for each ten- day period (which 
is the temporal resolution of the analysis) , and for all sectors. The tempo- 
ral coverage is one year, since the DM run simulates the distribution of 
water for a calendar year (with 36 periods of ten days). 

The DM consists of three main elements: 

(i) distribution of water in all 77 regions during ten days as a result 
of the supply and demand factors; 

(ii) calculation of monetary losses to agriculture and shipping because 
of a shortage of water or salinity. The losses are determined by 
relating the actual results during a decade concerning the distrib- 
ution of water with the ideal situation in which neither of the 
users related to agriculture and shipping suffer from any losses 
due to water shortage and salinity? 

(iii) determination of concentrations for six pollutants, viz. salts, 
heat, phosphate, biochemical oxygen demand (BOD), nitrogen and 
chromium. Salt concentrations are determined for each period of ten 
days; the other concentrations are obtained optionally in the ana- 
lysis. The chloride concentration is used in the environmental 
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module as a measure of salinity* 

An environmental module is included; the environmental aspects of water man- 
agement are dealt with by imposing water quality standards because "it is 
simply too difficult to treat the environment more directly" (Goeller et al., 
1983, p. 157) due to a lack of reliable data. Determination of such water 
quality standards consists of two steps, viz* 

(1 ) transportation of pollutants in the PAWN-network, as implemented in 
the DM-module; 

(2) eutrophication in lakes which follows from a nutrient level, an algae 
bloom level (in terms of chlorophyll concentration) and a dissolved 
oxygen level. 

Direct links exist only between the water distribution module and the other 
modules. The water distribution module acts as interference and is the key- 
factor for the other modules. No direct links exist between the other modul- 
es. The indirect links between the environment module and the industry module 
for water management policies, for example, can be explained in the following 
way. Groundwater is used by industries in various production processes as 
well as for cooling. The use of groundwater is regulated by the DM-module, 
and a direct link exists for that reason between the industry module and the 
DM-module. The environment module also has direct links with the DM-module 
because of the determination of the quality of groundwater. So the use of 
groundwater by industry is only linked indirectly to the environment module. 
The monetary and non-monetary impacts of different water management policies 
are also investigated. The impact assessment analysis is a static and linear 
representation of a market economy with supply and demand functions. A water 
management policy is interpreted as a change in one or more supply func- 
tions. 

In general, two characteristics of a detailed policy analysis for water ma- 
nagement are: 

(i) complexity of a system (like the PAWN-systems diagram) because of 
the numerous scenario alternatives; 

(ii) uncertainty of the system because of incomplete knowledge. 

Both characteristics depend on shortcomings in information because the data 
are either of poor quality or not available at all. Nonlinearities appear for 
the same reason in only one module in a policy design part. All other possi- 
ble nonlinearities are linearized for computational reasons. 

The methodology used may be rather simple, because it mainly deals with data 
processing. Much emphasis was placed upon the interaction between decision 
makers and policy analysts during the period of model development and opera- 
tionalization. 
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2.5. POLICY ANALYSIS TO PROTECT AN ESTUARY FROM FLOODS 

The RAND-Corporation, Santa Monica, California (USA) prepared a study of the 
Netherlands Oosterschelde, in collaboration with the Netherlands Rijkswater- 
staat, to analyse the protection of an estuary from floods (see the summary 
report Goeller et al., 1977), called the POLANO-project. Three alternatives 
have been evaluated for the Oosterschelde region: 

(i) a closed case, with a dam across the mouth of the Oosterschelde, to 
close off the estuary from the sea. The main effect of this alter- 
native might threaten the rich ecology as well as the oyster and 
mussel industry; 

(ii) a storm-surge barrier (SSB) in the mouth of the Oosterschelde, 
which may be closed during severe storms, and large gates which are 
open under normal weather conditions to allow a reduced tide to 
pass into the basin; 

(iii) an open case, which leaves the mouth of the Oosterschelde open to 
maintain the tide. This alternative is based on the construction of 
a system of large dikes around the estuary to protect the land from 
floods. 

There are many different consequences (usually called impacts) for each of 
the three mentioned alternatives. These may be subdivided into four groups, 
viz. the financial costs, security of people from flooding, ecology of the 
region, and the other economic and social impacts. These consequences are 
measured in different dimensions, while some cannot be quantified at all and 
can only be represented in terms of 'good', 'bad 1 and 'worse'. The impacts 
are represented therefore in different units (e.g., money versus number of 
species) • Clearly, one of the three alternatives has to be selected by the 
policy makers. The various impacts of the alternatives are displayed on a 
score card that shows by colour code each alternative ranking for a particu- 
lar impact, with impact values represented in their natural dimensions. An 
advantage of the scorecard approach is that it is possible to include a wide 
range of impacts while showing the strong and weak elements of various alter- 
natives. The decisionmaker ( s) can then add their value judgements about the 
relative importance of the different impacts, give weights to the impacts and 
select one of the alternatives. 

The major difficulty which remains when the impacts of the alternatives have 
been assessed is to obtain a synthesis of the numerous and diverse impacts 
which are denoted in different units of measurement. Such a synthesis is 
necessary to be able to select one of the alternatives. Two selection proce- 
dures can be used: 
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(1) an aggregate approach, in which each impact is weighed by its rela- 
tive importance and transformed into a single unit of measurement 
such as money or utility. The alternatives are then compared with 
each other on the basis of this aggregate measure. Some disadvantages 
of this approach are: 

- loss of information by the aggregation process. One alternative, 
for example, may lead to environmental problems, another one having 
high financial costs. Such information will be lost by an aggrega- 
tion procedure. 

- weights can implicitly be attached to the different impacts when 
impacts are aggregated. However, a single measure for an alterna- 
tive depends strongly on such a weight set. 

- conflicting goals may arise when discriminating between the alter- 
natives, if there is more than one decisionmaker (as in the POLANO- 
pro ject) • 

- the outcome of each impact is considered to be independent of the 
outcome of all other impacts. 

(2) a disaggregate approach, with impacts expressed in natural units (in 
monetary terms or in physical units); some impacts are quantitative 
estimates and other impacts are denoted by qualitative comparisons. 

The disaggregate approach with variables expressed in their natural units of 
measurement is used in the POLANO- study. A disadvantage of this approach may 
be the degree of detail which makes it difficult to identify patterns. 

The four groups of impacts mentioned before will now briefly be discussed: 

( 1 ) Financial costs of the alternatives deal with the direct financial 
costs necessary to construct and operate the alternative cases, viz. 
the costs necessary to construct each of the three alternatives, the 
annual costs to operate each of the alternatives after the construc- 
tion period, and the maximum annual expenditures during the construc- 
tion period. The information is denoted by the scorecard in monetary 
terms. 

(2) Flood security impacts or the regional security from floods. The 
safety of each alternative is determined separately for two different 
time periods, viz. the transition period (before construction is 
completed) and the long run. Such impacts contain, for example, the 
expected damage during the transition period emerging from land area 
flooded. 

(3) Ecological impacts , which concern the consequences for the biological 
species in the Oosterschelde in response to each of the three alter- 
native plans. Limitations in the scope of the ecological impacts 



are: 




- 24 - 



(i) geographical limitation, because the ecology of the salt-water 
area is the only one included, while the ultimate fresh-water 
lakes are excluded from the analysis. 

(ii) biological limitation, because more than 2000 species are ag- 
gregated and clustered into 18 ecological groups. 

(iii) temporal limitation, because only the long-term average abun- 
dances of the ecogroups are predicted. The daily and seasonal 
fluctuations are averaged out in this model. 

The ecological impacts are estimated directly from sampled data. 
Tentative assumptions have been made concerning those impacts when no 
sampled data were available. One of the assumptions made, for examr- 
pie, deals with the species density in the Oosterschelde • This densi- 
ty is considered to be the same as in a similar estuary close to the 
study-area. 

The ecological module has been calibrated and validated in the fol- 
lowing ways to calibrate the module, the parameters and impacts be- 
tween variables are reestimated a number of times by modification or 
by replacement of some of the assumptions. The model validation pro- 
cess determines how the model reflects reality. The model has been 
validated in this study by operationalization under comparable cir- 
cumstances and the model has for that reason been simulated also for 
another estuary. 

The implication and conclusion of the validation procedure is thats 

(a) predictions have a lot of uncertainties which reflect the un- 
certainty and lack of precision of the available data. 

(b) a distinction can only be made between two alternatives, deno- 
ted by the scorecard, when the results from each impact are 
very different. 

(4) Additional impacts which are economic and social in nature (for exam- 
ple, commercial fishing, inland shipping and recreation) • Recreation- 
al impacts were determined for each alternative by comparison of two 
alternative (with-without) policies, viz. one with a no- investment 
policy and one with an unrestricted investment policy. The informa- 
tion about the impacts from investment policies on recreational acti- 
vities was obtained from field observations and personal communica- 
tions with recreation authorities. A general problem concerning these 
impacts was the limited availability of reliable data as well as the 
uncertainty about the future because of lack of controlled experi- 
ments • 

The selection of an alternative was obtained by weighing the impacts which 





- 25 



denote the decisionmakers value judgements about the relative importance of 
the different impacts. Due to the complexity and uncertainty of the great 
many impacts in this policy analysis, tentative assumptions about the impacts 
between dependent variables have been made when no sampled data were avail- 
able. The lack of information occurred especially in the ecological module. 



2.6. ECONOMIC-ENVIRONMENTAL-ECOLOGICAL IMPACT ANALYSIS OF FLOOD PLAIN MODELS 



The aim of flood plain management models is to evaluate the impacts of pro- 
ject alternatives on the economy, the environment and ecology (Tai, 1979). 

The economic impact of a selected project alternative is here evaluated when 
a mixture of flood control measures have been established (e.g., flood warn- 
ing, flood plain zoning and insurance) • The impact on the environmental qual- 
ity of the main river has been evaluated in the Arkansas area after the eco- 
nomic impacts had been determined. 

The different steps of the analysis are summarized in Figure 2.4. 

No temporal dimensions are included in the input-output analysis. The input- 
output analysis assumes constant technical coefficients. The three steps of 
the flood plain management analysis, (see Figure 2.4) making use of an input- 
output approach, are analysed separately and will be discussed briefly be- 
low: 



Flood control 
measures 




Regional economic model (input-output analysis); 

Short-term forecast of residual flood damage 
( input/output ana lysis); 

Regional environmental model ( input/ output- analysis) 
for using natural resources by means of a linear 
transformation function. 



Figure 2.4. Analysis steps of the economic, environmental and ecological im- 
pacts • 

( 1 ) The primary economic impact of the project alternative uses an input- 
output approach. The estimated damages (in monetary terms) caused by 
a (hypothetical) flood is determined by comparison of the model re- 
sults with protection against flood and the model results without the 
project alternative. 
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The general solution of the regional economic system is: 

X = (I - A) -1 Y, (2.3) 

with X a vector of economic output, Y a vector of final economic 
demand and A a matrix of regional coefficients, which is considered 
to be constant in time. The hydrologic - (regional) economic linkages 
are assumed to be linear in nature. 

(2) The residual flood damage short-term forecasts are obtained in the 
following way: 

P" = P'(I-A') -1 Y", (2,4) 

with: P' * the present matrix of residual flood damages; 

P" * the (short-term) forecast matrix of residual flood 
damages; 

A' « the present matrix of (fixed) regional coefficients; 

Y" « the (short-term) forecast vector of final demand. 

The matrix P" is of order 6xn, with n the number of regions classi- 
fied by 6 environmental parameters (viz. vegetation, soil, flood 
magnitude, sediment, water quality and land-use changes) • The matrix 
A 1 has coefficients which are considered to be constant in the short 
term. 

(3) The regional environmental module estimates the ecological capacity 
of the environmental module on an interregional- intersectoral basis, 
with 6 regions which are part of the Arkansas area. The sectors con- 
sist of the 6 environmental elements. The estimation procedure again 
makes use of the input-output approach. The environmental requirement 
per dollar of output for each environmental element could have been 
computed if data about environmental use coefficients whould have 
been available. The environmental requirements make use of the vector 
of total environmental output multiplied by environmental use coeffi- 
cients. Unfortunately, no meaningful biological data were available. 

A main advantage of the input- output analysis applied in this model is the 
availability of a coherent analytical tool to analyse the regional impacts of 
a project alternative. 

Some disadvantages of the input- output approach are: 

(i) the assumption of constant coefficients over time, which means 
that only short-term forecasts can be made; 

(ii) the assumption of homogeneous output; 

(iii) the assumption that firms react to increased demand by a rise 
of output but do not react to a rise of prices. 



Because of the absence of meaningful biological data, it has not been pos- 
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sible to estimate the effect of flood damage on bird populations* However, 
the input-output approach has been illustrated in the environmental module by 
making use of a hypothetical case of two alternative (with-without) flood 
protection policies* 



2.7. AN ECONOMIC-ECOLOGICAL MODEL FOR LAND-MARINE INTEGRATED DEVELOPMENT 

In order to analyse land-marine developments simultaneously, an integrated 
model with both economic and ecological aspects is developed for the Seto 
Inland-Sea area in Japan. The aim of the model operationalization is the 
analysis of the interactions between land and marine development (Ikeda, 
1984; Nishikawa et al., 1980). The area has been subdivided by the modellers 
for that reason into coastal regions and inland-sea regions. 

The main characteristics of the area are its rapid industrialization and 
urbanization during the final quarter of this century. It is a very important 
area for fishery activities. Serious problems occurred in recent years (e.g., 
mass death of fishes) because of eutrophication in water. The area also re- 
ceives inflows of nutrients such as nitrogen and phosphorus from industrial 
development and urbanization in regions close to the Seto-Inland area. Such 
nutrients lead to marine eutrophication. 

A number of models has been developed in Japan in which both economic and 
ecological impacts are included: for example the relationship between nutri- 
ent inflows and its impact on eutrophication. The main aim of such models was 
the development of a methodological tool to represent the impacts in monetary 
terms. The present integrated model will also include factors which cannot be 
measured in economic measures like monetary terms. An example of a non- econo- 
mic factor included in the analysis is eutrophication in aquatic environmen- 
tal living organisms, which is part of the food chain. The model includes the 
dynamic nature of the eutrophication process as well as socio- economic 
change and makes use of the nonlinear nature of the behaviour of the mod- 
ules. 

Model tools which have been used here are linear programming methods, input- 
output analysis and systems dynamics. The overall model structure consists of 
a socio-economic system and a marine ecosystem; the two systems are based on 
four interrelated modules, viz. a socio-economic module, a coastal resources 
demand module, a pollutant emission module and a marine ecological module. 
The model structure is visualized in Figure 2.5. 
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Socio-economic system Marine ecosystem 

Figure 2,5. Structure of an integrated economic-ecological model in Japan. 

The basic characteristics of the model are: 

- nonlinearity of the behaviour of the system, because of the dynamic 
nature of the ecological processes. The socio-economic system is for- 
mulated in linear terms; 

- interactions between the socio-economic system and the marine ecosys- 
tem. The interactions are represented by only a relatively small num- 
ber of elements. 

Interactions between both systems exist in the pollutant emission 
module and the coastal resources demand module, in the following way: 

(a) inflow of nutrients and pollutants such as spilled oil and COD 
(chemical oxygen demand); 

(b) physical destruction of the coastal zone because of land reclama- 
tion and dredging for the extension of land area; 

(c) harvest of marine products from fishing and farming; 

(d) recreational use of coastal resources. 

The socio-economic activities are restricted by the ecosystem impacts. No 
direct relationship exists between both parts because human control and in- 
tervention is allowed. The main characteristics of the four modules from 
Figure 2.5 as well as the links between them will now briefly be discussed. 

(1 ) The marine ecological module is a systems decision model. The dynamic 
behaviour is described (in general terms) by differential equations 
in the following way: 

E = = f(E, X, t) (2.5) 



with (E, X) = (EO , XO ) (fixed exogenously at t = 0), where E and X 
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are, successively, the state and input parameter vector for all spe- 
cies* If the unit time interval is one year, the annual net produc- 
tion, which has a feedback to the socio-economic module, is obtained 
by subtracting the state parameter vector for period t from that of 
period fc*1, so that: 

Net production ■ E(t+1) - E(t) . (2.6) 

The model input consists of the amount of nutrients (nitrogen and 
phosphate) and pollutants (e.g., spilled oil) as well as the utiliza- 
tion of the coastal zone. 

(2) The socio-economic module is a multiobjective linear programming 
model (see also Nishikawa et al., 1977) and describes the socio-eco- 
nomic activities. These activities emit pollutants into the sea. 

The constraints in the socio-economic module can be subdivided into 
hard constraints and soft constraints. The hard constraints may con- 
sist of the fixed items of the analysis in case of physical capacity 
or they may be fixed exogenously with land area, water supply and 
foreign trade. The soft constraints are influenced (strengthened or 
relaxed) by human intervention such as education, medical care, so- 
cial welfare, housing or the living environment. 

(3) The pollutant emission module is a module which links the socio-eco- 
nomic module and the marine ecologic module by means of the pollution 
load in the Seto-Inland sea from all sort of economic activities. The 
sources of pollution are based on population, agricultural produc- 
tion, cultivated fishery, industrial production and precipitation. 
The pollution loads are the amount of COD, discharged into the sea, 
the total nitrogen and the total phosphorus loads as well as the 
quantity of oil spilled. The transformation of pollutant sources into 
pollution loads makes use of linear functions. 

(4) The coastal resources demand module gives estimates of the demand for 
coast and shoal water area, obtained from the output of the socio- 
economic module. The demand for coastal resources is subdivided into 
use for urban development, recreation, cultivated fishery, industry, 
harbour, fishing port and preservation of nature and scenery. The 
demand equations are linear in nature. 

The model has not yet been applied for policy formulation in the decision- 
making bodies, but numerical simulations have been made (mainly for parts of 
the model, because of the large number of parameters in an economic- ecologi- 
cal model at a regional level which have to be identified by data). 

A gap still exists, for example, between ecological information of fish 
stocks at a regional level (its dynamic nature and sustainability) , and eco- 
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nomic information of fishery industry, such as demand for and supply of 
fishes by consumption sectors* 

2.8* AN ENVIRONMENTAL ECOSYSTEM QUALITY MANAGEMENT MODEL 

In this environmental ecosystem quality control model, a nonlinear ecosystem 
module for the Lower Delaware River Valley Region is constructed and linked 
to an economic module (Kelly and Spofford, 1977, Russell and Spofford, 1977; 
Spofford et al., 1976). The main aim of the analysis is to provide agencies 
which are in charge of decisions regarding the economy and the natural en- 
vironment, with information about costs and impacts on the environment due to 
various actions* 

The analysis consists of three parts: 

(a) a linear programming model of regional residuals; 

(b) an environmental module; 

(c) an environmental evaluation module* 

(a) A regional waste management module denotes the impacts, in monetary di- 
mensions as well as in physical dimensions, of alternative waste manage- 
ment strategies* It uses linear and nonlinear programming analysis* The 
objective function to be minimized is based on the costs of water manage- 
ment, while the set of constraints represents the structural relation- 
ships among the decision variables* 

A linear management module can be described in the following way: 

Minimize C ■ c W (2*7) 

subject to AjW + A 2 Z > B 
H Z = X 
X > S 

X, W, Z > 0. 

X represents the (steady- state) spatial distribution of concentrations of 
various materials in the environment, and W is the vector of the activity 
levels of the processes used to reduce waste water discharge* The levels 
of the standards S depend on the environmental quality which have been 
selected for the analysis and are assumed to be given. 

The aim of the analysis is to determine the waste water discharge level 
Z, that minimizes the total regional costs C of the selected waste water 
management level and at the same time meet the minimum requirement level 
S* The linear environmental module is included in the set of constraints: 
the first restriction represents a set of (linear) relationships that 




- 31 - 



ensure the production levels and the second restriction represents the 
availability of natural resources. 

A nonlinear form of the management module / with a nonlinear specification 

of the objective function, can be expressed as: 

Minimize F * c W + P(Z) (2.8) 

subject to AjW + A 2 Z > B 

W,Z > 0, 
n 

where P(Z) * l P [s ,x. = h ( Z) ] . 
i«1 

Nonlinear programming had to be used because the ecosystem module, to be 
discussed in (b) below, consists of nonlinear relationships. The nonli- 
near environmental module, which was linearized in equation (2.7) by 
means of HZ s X, is included in the objective function in equation (2.8) 
by means of a penalty function. P(Z) represents the sum of all penalties 
P^, and is associated with the standard S. The individual standards 
8^ are allowed to be violated in equation (2.8), but only at the cost 
of a high (monetary) penalty to the objective function. The artificial 
variables in the penalty function do not have a direct physical inter- 
pretation in terms of the model expressed in equation (2.8). 

Exogenous constraints which are included in the regional waste management 
module are : 

(i) minimum production requirements of goods (in monetary terms); 

(ii) boundary levels of environmental quality denoted by a minimum con- 
centration level of dissolved oxygen, a maximum concentration of 
algae, and a minimum standard level of fish; 

(iii) spatial distribution pattern of the costs implied by both (i) and 
(ii). 

(b) An aquatic ecosystem module is a simulation model with differential equa- 
tions describing the rates of change in state variables. The results from 
(a) become input in the ecosystem module. Because of the regional waste 
management module is static, only steady state solutions of the aquatic 
ecosystem module are of interest. 

The ecosystem module is an exploratory module with data obtained by ag- 
gregation from different locations. The means of data gathering for the 
aquatic ecosystem module reflect the two constraints of this module. The 
first restriction was that data have been used, which were collected 
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before the model operationalization on the Delaware Estuary started* The 
second restriction was that the ecosystem module should be used within an 
optimization framework like in equation (2*8)* 

(c) Costs and environmental quality are the main components of the regional 
waste management module, and the output of the management module consists 
of a vector of residuals classified by substance and location* 

The residuals from the nonlinear programming analysis in (a) become input 
in the aquatic ecosystem module of the Lower Delaware Estuary and the 
regional dispersion concentration analysis* Quantity levels in the re- 
gional environment (e.g., SO 2 - concent rat ion) are used as input for the 
environmental "evaluation" module * Such concentrations are related to 
exogenously defined environmental standards* 

An iterative procedure between the three modules is then used to select a 
vector of residuals that meet the constraints at minimum regional costs* This 
approach uses nonlinear programming analysis* 

The inclusion of the nonlinear aquatic ecosystem module gives a nonlinear 
programming algorithm* However, the usefulness of the nonlinear nature of the 
ecosystem module is doubted by the modellers themselves for the Lower Dela- 
ware Valley situation, because of the following reasons: 

(i) complexity of economic activities; 

(ii) the fact that algae are not a major water quality problem in the 
study area; 

(iii) computational difficulties with nonlinear programming that increase 
more than proportionally with model size* 

The modellers suggest for these reasons and given the state- of- the- art in 
ecosystem model development, use of linear models in the optimization frame- 
work* 

The ecological module, which was originally used for simulation, can also be 
incorporated as mentioned above, within an optimization framework* However, 
the authors also mention that "lack of appropriate data remains the major 
limiting factor in constructing and validating ecological models to be used 
for management purposes" (Kelly and Spofford, 1977, p* 442) • 

2.9. A TRIPLE LAYER APPROACH TO A NATIONAL-REGIONAL ECONOMIC-ENVIRONMENTAL- 
EMPLOYMENT MODEL 

The aim of the study is to analyse economic, environmental and other devel- 
opments (e*g*, energy, employment) in a spatial system at a macro- and meso- 
level* An operational national- regional environmental model involving these 
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issues for the Netherlands has been developed by Hafkamp (1984). This model 
is based on a so-called multi-layer projection: it provides a methodology for 
combining different systems modules by means of such a multi-layer projec- 
tion* 

A multi-layer projection means that a specific part of a system, as an ab- 
straction of reality, is projected on two or more parallel layers (e*g*, eco- 
nomy, environment, energy) • Such layers represent structured dimensions of 
reality which are taken in conjunction with spatial and temporal aspects. 

An integrated national- regional economic- employment- environmental model - 
based on three parallel layers - is operationalized for the Netherlands* 
Multiregional aspects of the layers are also included, because the country 
has been subdivided into 5 regions* The Triple Layer Model (or, shortly, TLM) 
is an operational model that integrates economic, environmental and socio- 
political aspects* The socio-political aspects in this model concern mainly 
employment • 

As a final result, the multidimensional reality is projected on three mutu- 
ally interacting parallel layers (economy, environment and employment) , with 
national and regional links* Relationships are then defined for variables in 
the same layer (intra- layer relationships), while also relationships are 
defined for variables between different layers (inter- layer relationships) • 
An example of an inter- layer relationship is the influence of environmental 
pollution (part of the environmental module) on the consumption process (part 
of the economic module) • The modules of the triple layer concept and their 
major relationships are given in Figure 2.6 (source Hafkamp, 1984, p. 138). 
The model employs a multi- objective decision analysis, based on a set of 
different (mutually conflicting) objectives which are influenced by a number 
of relevant decision variables* A unique optimum solution cannot be found for 
such a conflict situation because of the complexity of the analysis and the 
mutual dependence of relevant variables. Priorities have then to be assigned 
to the alternative solutions, by using a method of displaced ideals in order 
to obtain a multiobjective optimization solution* 

The economic module is a national-regional module (incorporating variables 
such as production, consumption, imports and investments) which makes use of 
a five- region input-output model* The impacts of various alternative economic 
policies on the economy are analysed by means of a simulation model* 

The employment module gives a description of supply and demand of labour in 
all regions and economic sectors* 

The environmental module describes emission and diffusion of air pollutants 
(SO 2 , NOg and dust particles) from fossil fuels. Water pollution and solid 
wastes are not included in the present analysis* The modelling of real world 
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socio-political layer 



economic layer 



environmental layer 



Figure 2.6. The TLM, its modules and their major relationships. 

phenomena in the successive separate layers is taking place in their natural 
units of measurement (including spatial dimensions). 

Nonlinear parts of the multi- objective model are linearized for computational 
reasons. The input-output model is represented by linear functions and is 
estimated with single- point estimates. The other linearized equations are 
estimated with ordinary least squares. 

The year 1973 is a base year of the analysis and no further time dimensions 
are included in the multi-objective framework. The regional input-output 
model was updated from 1970 to 1973, by assuming a temporarily constant re- 
gional sectoral activity pattern. 

Of course, a multi-layer projection may encompass two, three or more layers, 
which depends on the specific modelling context and it is essentially based 
on a modular design of variables and structures of the model concerned. 
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2, 10. SYSTEMS APPROACH OF ECONOMIC-ENVIRONMENTAL-ENERGY ANALYSIS 

The island Gotland in Sweden is an agricultural area and was the study object 
concerning the interactions between energy/ economic activities and ecological 
activities. A systems framework was developed and operationalized in order to 
provide quantified information concerning the interactions. Emphasis was 
given to the energy costs of agriculture and the energy flows between the 
interacting sectors such as industry, agriculture and forestry. Some attempt 
was also made to assess the environmental costs of a decline in water quali- 
ty. The economic activities (classified into industry, agriculture and fores- 
try) consume natural resources and fossil and non- fossil fuels, they produce 
economic output and have impacts on the environment (Zucchetto and Jansson, 
1979; 1981). 

The modules and their relationships for the Gotland island are denoted in 
terms of economic feedbacks as well as energy feedbacks in Figure 2.7. 

The relationships between both modules in Figure 2.7 are described in energy 
measures (in terms of joules) at the left hand side and described in economic 
measures (in money terms) at the right hand side. 

The right hand side part of Figure 2.7 consists of an input-output approach 
and an optimization procedure. The input-output elements of the energy flows 
are subdivided into both fossil and non- fossil fuels and denote the regional 
energy flows between a natural resources module and an economic activities 
module. Forest and fish species are part of the natural resources module. 
Part of the forest activities is called forestry because it is used in the 
economic activities module as productive forest area. 




Figure 2.7. Feedback relationships for the Gotland region 
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An example of the energy input and output flows regarding harvest in agricul- 
ture is the followings low energy level input flows (from among others fuels 
by tractors) are transformed during the production process into harvest which 
represent high energy equivalents. The entire regional energy system also 
includes the linkages between the agricultural system and other components on 
the island, such as the use of electricity and fuel oil in farms, and the 
input of capital, fertilizer, goods and services, sunlight and number of 
man-hours to produce crops and animals* 

The economic activities in the region, which consist mainly of agriculture, 
industry, fishery and forestry, are linked to each other in monetary terms by 
an input-output analysis* The input-output model is part of an optimization 
procedure which maximizes, subject to economic and environmental constraints, 
the sum of values added for the economic activities, forest and natural 
lands, and is of the following type: 



Maximize 
subject to: 

B 



(V x . X + V z .Z) or: 
X < c x 
z < c z 

X + D . Z < R 
X, Z > 0 



Maximize [V x .{l-K)~ l Y +V z .Z) 
subject to: (I-A)" 1 . Y < C x 
Z < C z 

B . (I-A)" 1 . Y + D • Z < R 
Y, Z > 0 



(2.9) 



where: X = vector of output from the economic based sectors; 

Y = vector of final demand from the economic based sectors; 

Z = vector of forest and natural lands; 

V X ,V Z - vectors of value added coefficients, respectively for the 
economic sectors, and for forest and natural lands; 

A * matrix of technical coefficients; 

C X ,C Z * matrices of capacity constraints on production and on land 
use for forest and natural lands respectively; 

B,D = resource requirements matrices for the economic based sectors, 
and for forest and natural lands respectively; 

R ■ vector of resource availabilities* 

The right-hand side equations of (2*9) are analogous to the left-hand equa- 
tions, because X*AX+Y is transformed into input-output terms as X*(I-A)“*Y* 
Different scenarios of energy price developments have been considered in the 
model specified in equation (2*9). An example is a rise in the price of one 
specific energy type. The substitution of energy types occurs because of 
energy price scenarios, and follows from the above mentioned optimization 
procedure • 

The time horizon of the energy analysis covers the medium long term (about 10 
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years) and is selected to achieve different energy scenarios and their conse- 
quences within the planning horizon. 

The feedback between economic activities and the use of natural resources are 
denoted in economic terms within the optimization procedure, with the output 
of both modules being maximized subject to economic restrictions and natural 
resources restrictions. The modules are related to each other in equivalent 
dimensions (viz. monetary terms and energy flows). 

The spatial dimension covers the whole Gotland region without a further dis- 
tinction being made for the region. 

It is worth noting that this analysis is based on energy flow analysis. In 
this context, a quite different approach to the energy flows is described by 
Spiller et al. (1981) for agricultural development. A simulation model was 
developed concerning the nitrogen flows in the agricultural system and the 
environmental effects of such flows on water quality. Differential equations 
are given for the quantity of soil water and ground water, as well as the ni- 
trate volumes in soil and in groundwater. The impacts between variables are 
displayed by means of a flow chart of the variables. Such a flow chart was 
developed from Odum's natural energy systems procedure (see also Odum, 
1971). 

2.11. SIMULATION OF THE IMPACTS OF HERBICIDES ON THE ENVIRONMENT AND AGRICUL- 
TURE 

The functioning of ecosystems and socio-economic systems depends on a balance 
between constructive and destructive forces. The consequences of destructive 
forces for the natural environment and agriculture can be observed convin- 
cingly in South-Vietnam, a country whose physical and ecological structure 
suffered from a war for many years. 

An analog computer analysis is developed to simulate part of the ecosystem 
development in this country during the war- period between 1950 and 1970 (see 
also Brown, 1977). The simulation includes the effects from bombing and her- 
bicide spraying on ecosystems and cities, as well as changes in different 
types of land quality. The model also simulates the effects on the regional 
economy and population distribution patterns. Land categories are subdivided 
into four components, viz. development of city, agriculture, forest and man- 
grove. The city component consists of the elements which describe the use of 
land area, city structure, goods and money. The natural systems have been 
subdivided into agriculture, forest and mangrove; each of them has two compo- 
nents, viz. the use of land area and its biotic structure. 

Input of the simulation analysis consists of ordering and disordering factors 
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in energy elements, and is denoted in terms of materials and energy. 

The land and structure characteristics of mangrove, forest, farms and cities 
are represented by (non) linear differential equations, like: 



t 



1 




and 




W + k 2 L 5 " W V L 3 + V M 
W - V S 1 + s 2 + V (G + A) l 4 P 2 - Vi 



( 2 . 10 ) 



( 2 . 11 ) 



where: 1^ - mangrove land (in acres); 

1>2 - forest land; 

L 3 ■ agricultural land; 

■ city land; 

= bare land; 

Sj - mangrove structure (in weight terms); 

W * war effort; 

I * natural energies; 

A * U.S.A.- aid (money terms); 

G = imported goods and fuel; 

k<|* •••, kg are pertaining parameters. 

Equations analogous to (2.10) and (2.11) are specified for forest, agricul- 
ture and city components. The land related equations are linear differential 
equations and the structure characteristics are described by nonlinear dif- 
ferential equations. Nonlinear differential equations also exist for the 
rural and city population variables: 



dP. 



dt 



k 21 (k 14 L 5 + k 16 V° k 32 P 2 



k 23 P 1 W ' k 24 P 1 



( 2 . 12 ) 



where: Pj = rural population; 

P 2 - city population. 

Nonlinearity in the variables exists in equation (2.12) because the rate of 
change of variable P^ depends among others on variable L 5 x P 2 * 
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The variables are represented in their natural units of measurement, which 
means that the land variable is measured in terms of acres, the variable 
which denotes the structure by weight terms, the population variable by num- 
ber of people, and aid and war efforts in monetary terms* 

Two remarks are in order here, because of their effects on the reliability of 
model outcomes : 

(i) the assumption has been made that future distribution patterns in the 
country are similar to the existing patterns: for example the constant 
distribution in time of aid between urban and rural areas* 

(ii) "the model is dependent on data and relationships that are not known 

with precision" (Brown, 1977, p. 411). 

Direct links between economic phenomena (in terms of monetary aid) and ecolo- 
gical processes (natural systems as agriculture, forest and mangrove) are 
modeled in a system of nonlinear differential equations* The model output 
indicates the rate of change of the natural systems in terms of structure and 
land* Different scenarios of U*S* aid are simulated for the period 1970-2000, 
viz* constant, increasing and decreasing aid by the USA* 

2*12. ECONOMIC-ECOLOGICAL ANALYSIS BY SIMULATION AND OPTIMIZATION 

A study is operationalized in Canada to analyse the relationship between man 
and nature (Loner gan, 1981). The integration of economic and ecological sys- 
tems initially resulted in an input-output framework to characterize the 
interrelationships* However, disadvantages in using input-output in such 
multidisciplinary efforts include "measurement problems, unit disparities and 
the fixed input coefficient assumption" as well as "the absolute monetary 
evaluation" (Lonergan, 1981, p* 118). The author proposed for this reason 
another analytical tool to link an ecosystem simulation module with an econo- 
mic optimization module for regional land-use planning* The formal mathemati- 
cal representation becomes the following: 

T 

Maximize c • x (2*13) 

Subject to: Ax < b 
x > 0 

x * — - Dx + Ez 

at 

where: x * vector of main variables (animals); 

z = vector of driving forces in the simulation analysis; 
c. A, D, E * vector and matrices of constant coefficients; 



b = vector of constraints 
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The simulation-optimization approach is applied to the Choptank River water- 
shed in Maryland (Canada), including the Chesapeake Bay, ecosystems to study 
economic- ecological conflicts* The analysis makes use of the approaches de- 
veloped by Kelly and Spofford (1977), in an analogous way as equations (2*7) 
and (2*8) in Section 2*8* 

Two of the primary factors in the area which contribute to the decline of 
aquatic vegetation are the increasing population in the watershed and the use 
of herbicides in agriculture* A conflicting mutual dependency exists between 
the land based system with agriculture as a major component and the aquatic 
system with commercial and sport fisheries* Agriculture and fishery both 
provide a contribution to the regional economy* 

The simulation module is based on the impacts between the state variables of 
the aquatic system for the Choptank River* The impacts between the state 
variables are given in a systems diagram (see Loner gan, 1981, p* 124) and 
make use of the energy systems language of H* Odum* First-order differential 
equations are used to describe the aquatic system* 

This module has been calibrated in both physical and energy units as well as 
monetary units in order to estimate the effects of different value metrics on 
the systems interpretation* A monetary criterion of value was used by Loner- 
gan, with physical outputs of the ecological sectors to be converted into 
monetary terms, by using market prices (e*g*, commercial fisheries) and sha- 
dow prices (e*g*, sport fisheries)* The result of this monetarization is used 
in the economic optimization procedure* 

The model can also be reformulated in terms of energy flows with an objective 
function that maximizes energy efficiency* 

Such approaches with different units of measurement (either in monetary or in 
physical dimensions) show that no one-to-one correspondency exists between 
the aim of a research question raised and the analytical tools used* Any 
research question can be analysed in various ways, while using different unit 
measures which may lead to dissimilar conclusions* 

Hie optimization module consists of a monetary value structure with an objec- 
tive function that maximizes the value added from various sectors in the 
regional economy* The objective function consists of three parts: 

(1) value added (in monetary terms) of the four activity sectors, viz* 
agriculture, commercial fisheries, sport fisheries and industry, with 
time horizon t and a discount rate to monetarize future income; 

(2) costs of the economic activities that are external in nature to the 
specific sectors (e*g* pollution abatement strategies) with time 
horizon t and a discount rate to monetarize future costs; 

(3) social costs of a declining activity sector when, for example, a 
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particular activity is decreasing in time. 

The model constraints of the objective function are: 

(i) the number of acres allocated to an agricultural component in some 
year, which is equal to the number of acres in a previous year 
multiplied by a weight component. The weic^it chosen consists of the 
mean crop price in a previous year divided by an average price of 
crop over the past 20 years; 

(ii) upper bound on the amount of land available for agricultural use; 

(iii) upper bound on the harvest of fish; 

(iv) production function of the total output of some activity component 
in the activity sector. The components from the economic sectors 
are agricultural output (as a function of herbicide and fertili- 
zer) , and fish population (as an indirect function of herbicide, 
fertilizer and sediment runoff, obtained from the simulation mod- 
ule); 

(v) non- negative output levels. 

The simulation module and the optimization module are linked to each other in 
an iterative two-step approach as mentioned above. 

The methodological tool developed in the study mainly deals with the linkage 
of simulation and optimization modules. Both approaches are rather flexible: 
a simulation module can be updated as additional empirical results become 
available and an optimization module can be altered by substitution of objec- 
tive functions and the addition (or deletion) of constraints. 

2.13. URBANIZATION AND ENVIRONMENTAL PLANNING AND DESIGN 

In this model on urbanization and environmental planning, consequences and 
the effectiveness of different planning strategies for the south-eastern part 
of the Boston area in the U.S.A. are analysed. The development of the area is 
characterized by a rapid suburbanization in the major number of cities. The 
process of suburbanization started during the mi dr-sixties. 

In order to analyse in a comprehensive way all relevant urban environmental 
impacts a large number of computer modules (28 in total) have been developed 
and operationalized by a multidisciplinary research team with regional plan- 
ners, economists, ecologists and environmental engineers to obtain the conse- 
quences of suburban growth (see also Steinitz et al., 1976, Steinitz and 
Brown, 1981). The computerized data analysis is dealt with at three levels: 

(i) data base generation, which consists of only the basic data mani- 
pulations such as retrieval and updating; 

(ii) allocation modelling and evaluation modelling. The 28 modules are 
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modelled separately and are linked to each other in an artificial 
way by means of a data base system; 

(iii) interactive control routines to link the individual modules. 

The aims of the model operationalization may be different in nature, viz.: 

(a) pre- analysis which gives a description of regional characteristics 
when no model will be used. 

(b) single module analysis when the modules are developed individually to 
answer specific questions. 

(c) project evaluation when the impacts of a selected project with cor- 
responding land-use allocation are determined by means of the approp- 
riate evaluation modules. 

(d) plan evaluation which requires land use allocation in an analogous 
way as in the project evaluation, with the exception that now all 
land use types are specified. 

(e) sensitivity analysis which requires different simulation runs of one 
or more modules. The values of one parameter or the assumptions con- 
cerning the impacts are changed during each simulation run. The dif- 
ference between simulation runs indicate the sensitivity of the mod- 
ules due to the changes in parameter values. 

(f) legal testing when the consequences of changed laws, statutes or 
administrative procedures are determined. 

(g) gaming when various planning strategies are developed. This makes use 
of an interactive computer modelling process. 

(h) alternative strategy simulation when changes in land use are allo- 
cated according to a mixture of planning strategies. The impacts of a 
selected alternative are evaluated here for all modules. 

An example of an alternative strategy simulation is a trend project- 
ion of future regional development, based on current policies. A 
temporal resolution of five years is selected for a cycle of alloca- 
tion and evaluation because a five years period corresponds to the 
view of local and regional planning. The temporal coverage of the 
alternative strategy simulation is the period 1975-1985. 

The means of model operationalization mentioned above show that a module can 
be operated individually when only one aspect of urbanization is relevant. 
The modules can be linked to each other when mutually dependent and conflic- 
ting aspects of urbanization are to be analysed. 

Various levels of spatial aggregation may also be dealt with, viz., a region, 
a town as well as other functional zones. The choice of the spatial aggrega- 
tion level depends on the users needs. 

The modules are subdivided into allocation modules and evaluation modules. 
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The allocation modules provide a particular type of land use to a location in 
the area and such model outcomes are used for updating of the base year con- 
ditions from the data files* The allocation modules deal with the allocation 
of housing, industry, public institutions, recreation, conservation and solid 
waste • 

The update of data files is obtained from the allocation modules and will be 
used as input for the evaluation modules* The evaluation modules describe the 
impact on the environment, demography and tax institutions of the new land- 
use allocations and they consist of modules which are related to soil, water 
use and water quality, vegetation of natural change, air quality and noise 
quality* Household demand of water, for example, is estimated as a function 
of median family income and metering practices* 

The emissions of sulfur dioxide and carbon monoxide are translated into (re- 
gional) concentrations by a Gaussian plume dispersion equation* Such concen- 
trations are evaluated by means of a comparison with emission standards set 
by the Environmental Protection Agency (EPA) in the USA* 

Each module has a spatial and temporal resolution which is appropriate for 
its specific function* The housing module, for example, has a spatial resolu- 
tion of one hectare, while the air quality module has a more aggregated spa- 
tial resolution with areas of three square kilometers* The vegetation module 
has a temporal resolution of one day* 

The study showed the relevance of developing systems models as an instrument 
in various aspects of land use planning by means of an interactive develop- 
ment process and critical discussions between analysts and the users of a 
model* 

2.14. AN INTEGRATED REGIONAL ENVIRONMENTAL MODEL FOR PHYSICAL PLANNING 



An integrated environmental model (I EM) has been operationalized for spatial 
planning purposes at a regional level, based on a medium to long term time 
horizon (a temporal coverage of 10 to 15 years forecasts) • A case study to 
develop an IEM has been carried out for the West-Brabant region in the Ne- 
therlands (Arntzen et al., 1981, Brouwer et al*, 1983). The environmental and 
spatial aspects of an extension scheme in regional physical planning are 
presented in relation to the direct and indirect economic, demographic and 
facility impacts* 

The analysis consists of five modules which are linked to each other, viz* a 
demographic, an economic, an ecological, an artificial environment and an 
intermediate module. The links between the modules are represented in Figure 

2 * 8 * 
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D = demographic module A = artificial environment module 

E = economic module I = intermediate module 

Ec = ecological module 

Figure 2.8. Representation of the interactions between modules • 

The main characteristics of the modules will be described below briefly: 

(1) The demographic module denotes the composition of population, classi- 
fied by age and sex, and makes use of the cohort survival method (a 
scenario approach of expected future population development) • 

(2) The economic module also makes use of a scenario approach to deter- 
mine the demand for labour classified by the economic sectors. The 
labour demand equations are linear in nature. The supply of labour in 
the region is obtained from the population variable in the demogra- 
phic module. 

(3) The artificial environment module or facilities module makes use of 
linear equations to determine the demand for houses, the use of water 
(by households as well as firms) , the demand for recreational facili- 
ties, supply of garbage (from households and firms) and also the 
pollution by phosphate, nitrate, sulfur dioxide and nitrogen oxides. 

(4) The ecological module is a simulation model with non-linear differen- 
ce equations and consists among others of quantity of algae in water, 
quantity of aquatic macrophytes and concentration of salt. The para- 
meters to quantify the relationships are based on literature surveys 
and model fitting. 

(5) The intermediate module determines a balance between supply and de- 
mand of land use classification. The emissions of sulfur dioxide, 
obtained from the artificial environment module, is an input to a 
dispersion model in the intermediate module to locate the concentra- 
tion of sulfur dioxide. 
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The interactions between modules in Figure 2.8 are described at a more aggre- 
gated level tharv the relationships within a module at the level of individual 
variables. The size of population - a variable in the demographic module - is 
related directly to the supply of labour in the economic module and is also 
related to the household variables which are part of the artificial environ- 
ment module. A mutual dependence exists between the ecological module and the 
artificial environment module: the level of recreational activities is an 
independent variable in the ecological equations which specifies the quantity 
of phosphate and fish. When these ecological variables exceed a limit level 
(in terms of g/m 3 ) in some year, the recreation level will decrease in the 
next year by 25%. 

The economic and ecological modules are linked to each other partly in a 
quantitative way, partly in a qualitative way due to lack of data on the 
systems interactions. The emissions of sulfur dioxide are determined by the 
level of employment multiplied by emission factors. 

All modules, except the ecological module, have a temporal resolution of one 
year. The level of the ecological variables is determined for 3 months pe- 
riods. 

Data have been collected from literature survey for the ecological processes, 
and from regional economic-technological institutes and the national bureau 
of statistics for the other activities. 

Figure 2.8 shows that the ecological module has direct links with the three 
other modules. Consider for example the direct relationship between the arti- 
ficial environment module and the ecological module where a mutual dependence 
is operationalized between recreational activities and the phosphate concen- 
tration in water. 

2.15. INTERACTIONS BETWEEN ECONOMIC-SOCIAL-ECOLOGICAL SYSTEMS IN A REGION OF 
INTENSIVE AGRICULTURE 



An UNESCO research program called Man and Biosphere (shortly, MAB) was initi- 
ated in 1971 to build a research bridge between the ecological, economic and 
social sciences. A multidisciplinary research project started also in the 
F.R.G. within the framework of the UNESCO program. The research background 
covered the fields of ecology, social science, law and geography (see also 
MAB-vol. 7, 1982; MAB-vol. 14, 1983; Muller, 1985). 

The aim of the German project was to elaborate a methodology for linking 
ecological, economic and social systems with each other into an interactive 
model by means of a case study example in the South Oldenburg region. 

The South Oldenburg region was selected because it is an intensively culti- 
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vated agricultural area. Such agricultural activities have impacts on ecolo- 
gical, economic and social phenomena which can be analysed in an integrated 
approach. Additional advantages to select this region were the possibility of 
a cooperation between a number of neighbouring universities and the availabi- 
lity of results from preparatory work which had already been undertaken 
(e.g., extensive data collection). 



The agro- system consists of an ecological module, an economic module and a 
socio-political module. The model structure is represented in Figure 2.9. 




Figure 2.9. Structure of the overall agro-ecosystem 
(Source: MAB-vol. 7, 1982, p. 81). 



The South Oldenburg region is one of the areas in Europe with extremely high 
animal waste application which creates ecological problems (high NO^ levels 
in ground water used for drinking water supply) • The environmental problems 
with the high nitrate levels in groundwater of the Vechta district are de- 
picted in Figure 2.9. This area is part of the South Oldenburg region in the 
F.R.G. 

The most significant research objective deals with the methodological tools 
to link the modules. The module structure demonstrates the economic relevance 
of the farm enterprises as well as the ecological consequences of farming. 
The analysis was initiated therefore with the development of a simulation 
model for agriculture based on intensive animal keeping (at the micro- eco- 
nomic level) • This shows the direct impact of the economic module upon the 
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ecological module. A large quantity of liquid manure is used on the fields as 
natural fertilizer. Problems arise from overfertilization during dry periods 
because of high levels of nitrate into the groundwater. For that reason, 
neither the market, nor capital nor labour but the stress which is put on the 
environment becomes the limiting factor for agricultural production. The use 
of liquid manure as fertilizer can be reduced only at the cost of either 
expanded storage facilities of liquid manure or the possibilities of export 
to other countries. 

The economic module consists of an analysis for an agricultural enterprise 
with animal batteries at the micro-economic level. The aim is the simulation 
of micro-economic decision making processes and behaviour of a farm as well 
as the simulation of the resulting economic and ecological consequences. The 
model of agricultural structure and of the total regional economy, aggregated 
from the micro-economic simulation model, is developed to quantify the in- 
fluence of environmental protection upon the regional economy. 

The macro-economic model which covers the South Oldenburg region consists of 
variables which are relevant for micro-economic as well as political deci- 
sions. 

The ecological module will describe the liquid manure effects on subsystems 
(for example, soil, groundwater, surface water, flora and fauna) as well as 
the feedback to the socio-economic module at the regional level. 

Because of the difficulty in operationalizing an ecosystem, the ecological 
module is restricted here to an agro-ecosystem which is dominated by one 
driving force, viz. the excessive amount of animal excrements to be disposed 
of. This single driving force should yield significant insight into the 
structure and function of an agro-ecosystem in the region. The impact of 
liquid manure on the nitrate concentration of the groundwater is covered by 
the micromodel of the agro-ecosystem. 

The socio-political module investigates and formulates the behaviour of the 
people involved who are living in the project region. This module describes 
the public concern about the nitrate levels in groundwater and its impact on 
human health, as well as the agricultural interest groups who are against the 
limitation of liquid manure use. 

One detailed model of a single agricultural enterprise is finished so far. 
The main part of the modelling efforts is still underway and depends primari- 
ly on the possibilities to raise funds. 

A couple of coordination problems which might be relevant in multidisciplin- 
ary projects are discussed briefly below (see also MAB-vol. 7, 1982): 

(i ) practical coordination problems ; 

- scientists should be qualified to cooperate with other disciplines 
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(e.g., a social scientist needs a statistical background in order to 
cope with approaches used in natural sciences). A coordination of 
personnel is relevant for that reason. 

- results obtained from one project (e.g., development of a module) 
serve as input for another project, which makes a time oriented coor- 
dination necessary. 

(ii) a coordination with regard to different contents : 

- a coordination of methodological tools from different disciplines is 
essential because of: 

(a) different levels of measurement of variables. In natural science 
the majority of variables is measured in metric units; in the 
social sciences often nominal or ordinal measured variables are 
available. 

(b) difference in time structures. The natural science mainly deal 
with a continuous time structure, while the social sciences mainly 
deal with discrete temporal scales. 

(c) differences in the means of data gathering, either by controlled 
experiments in the natural science or by surveys which is the main 
data source in the social sciences. 

- theoretical coordination. The interface between different sub-projects 
should be available in such a way that the output of one sub-project 
is available as input to another sub-project. 

Organisational aid and supporting techniques are necessary to cope with the 
above mentioned problems and "there is a need that all subprojects use the 
same systems concept" (MAB-vol. 7, 1982, p. 101), so that appropriate metho- 
dological tools are available to cope with the different model approaches. 



2.16. CONCLUDING REMARKS 

A wide variety of models, instruments and techniques - developed during the 
last ten years - have been discussed in this chapter to describe environmen- 
tal phenomena for the analysis of environmental policy issues such as land 
use planning, water resource planning, and recreational planning. The models 
discussed differ in their design and focus of application and they may deal 
with all types of the environmental categories such as water, air and land 
use. All these environmental phenomena can in principle be operationalized by 
means of integrated environmental models. 

The presentation and discussion of the survey of models is the frame of re- 
ference with respect to this study. The design and tools of the IEMs will be 
further elaborated in the remaining part. 
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While the models discussed vary in their design and focus of application, 
they also have characteristics in common. First, all of them have direct or 
indirect feedbacks between an economic and an ecological module because they 
include economic phenomena as well as ecological processes. A set of interre- 
lated variables are expressed in terms of modules. Second, the spatial dimen- 
sion of all modules covers the regional level, which is a spatial entity be- 
tween the local level and the national level. 

A summary of common characteristics of the IEMs, dealing with the aims of the 
study and the analysis, the modules and mathematical tools used, the spatial 
and temporal dimension as well as the dimension of the variables and the 
availability of information, will be evaluated in the following chapter. The 
evaluation of the above mentioned points of reference give a strength/ weak- 
ness analysis of the models discussed in the survey. 
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CHAPTER 3. EVALUATION OF INTEGRATED ENVIRONMENTAL MODELLING APPROACHES 
3.1. INTRODUCTION 

In the late sixties and early seventies, regional economics mainly dealt with 
economic- based tools such as, input-output analysis, gravity/ entropy models, 
shift- share analysis, and cohort survival analysis (see also a survey on the 
state-of-the-art of regional economic research by Richardson, 1978) • However, 
the conflicting nature between environmental aspects and economic phenomena 
became a field of interest in regional- economic and environmental policy 
making in the same period, because of the growing concern about the rise in 
complexity of conflicting public planning and choice problems in our society# 
A lot of national and regional input-output models has been developed in that 
period to link economic and environmental systems. Environmental pollution, 
for example, has been integrated within the input-output approach by means of 
the determination of pollution coefficients - with either fixed or varying 
levels for the industrial sectors - with regard to total pollution (see among 
others the classical tools developed by Isard (1968), which have been extend- 
ed to interregional flows and pollutants, as well as other environmental 
factors by among others Lesuis et al. (1980))# The input-output (I/O) ap- 
proaches, which are developed by Cumberland, Leontief and Isard, and which 
are based on static equilibrium principles, provide a consistent accounting 
system. However, they are not adequately suited for the analysis of concrete 
environmental policy issues (such as land use planning, water resource plan- 
ning, recreational planning or urban renewal) , because the use of regional 
environmental I/O models has some constraints, such as the static equilibrium 
assumption, the huge effort necessary to collect all relevant data, and the 
lack of opportunity to analyse intra- regional capabilities (Solomon and Ru- 
bin, 1985). 

The interrelationships between economic, demographic, physical environmental 
factors and natural environmental aspects have been recognized and operation- 
alized in regional impact studies from the mid- seventies and later (Solomon, 
1985) • The fourteen models discussed in Chapter 2 dealt with various types of 
integrated environmental analyses. A distinction was made in the survey be- 
tween the main environmental categories air, water and land use. The repre- 
sentative sample of situations in which modelling approaches have been devel- 
oped shows the major progress during the last ten years in modelling the 
environmental impacts of regional development projects, as well as the state- 
of-the-art in this area of modelling tools. 

The main elements of and the correspondence between the models in Chapter 2 




will be evaluated below, and be summarized in Table 3.1. Nine points will be 
emphasized column-wise in that table to characterize the models in the survey 
from Chapter 2: 

(i) the objective of the study . The objectives of the modelling exercise 
may deal either with analytical/methodological/ academic use, or with 
policy /management use as an instrument for policy makers; 

(ii) the objective of the analysis . The objectives of the analysis may vary 
from the development only of a data base, to the exploration or des- 
cription of phenomena as well as to an explanatory or a forecasting 
model; 

(iii) the modules included in the model, which may focus on (the interac- 
tions between) economic, environmental, energy, and demographic as- 
pects among others; 

(iv) the mathematical tools used to operationalize the concept of the mod- 
ules; 

(v) the spatial dimension of the study, which may vary from a single- re- 
gional analysis to an interregional- national analysis. As already men- 
tioned in Section 2.1 a region is simply defined to be a spatial enti- 
ty which varies between the local level and the national level; 

(vi) the temporal dimension of the study. The temporal resolution may be 
different for the various modules, varying from a daily basis to an 
annual change focus. The temporal horizon of the study may also change 
from an annual basis for short-term impact studies to a medium or 
long-term (at least five to ten years predictions) period for public 
planning and regional impact studies. A model is static in nature when 
no temporal dimension is included in the analysis; 

(vii) the dimensions of the variables, which may be depicted in, for exam- 
ple, monetary terms, count terms, or energy flows. The variables may 
also be described in dimensionless figures; 

(viii) the availability of information , where a distinction will be made 
between the source of information, and the precision of information 
for the various modules; 

(ix) the model evaluation by means of their strong and weak points. Such a 
strength/ weakness analysis deals with the main objectives and the aims 
mentioned in the previous points. 

The nine points mentioned will be discussed briefly in Sections 3.2 to 3.5. 
The two objectives categories of the IEMs as mentioned in Table 3.1, viz. the 
objectives of the study (either methodological development or development for 
policy use), and the objectives of the analysis (i.e., data base generation. 
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Table 3.1* Evaluation of IEMs. 



(Section) 

Model 


Objective 
of study 


Objective 
of analysis 


2.2 


methodology 


evaluation 


2.3 


policy use 


forecasting 


1 


policy use, 
methodology 


description, 

explanation, 

forecasting, 

evaluation 


2.5 


policy use 


description, 

evaluation 


2.6 


methodology 


description, 

explanation 


■ 


policy use 


explanation, 

forecasting 


2.8 


policy use 


explanation, 

forecasting 



Modules 


Mathematical 

tools 


Spatial 

dimension 


Temporal 

dimension 


economy, 

natural 

environment 


optimization 
( compromise 
programming) 


one region 


static 


economy , 
natural 
environment , 
regional 
planning 


simulation 
(nonlinear 
differential 
equations ) 


one region 


a thirty 

years 

horizon 


economy , 
natural 
environment , 
water 
management 


scenario 

analysis, 

optimiza- 

tion, 

evaluation 
with a 
scorecard 


a country 
with 77 
regions 


a ten 
years 
horizon 


economy, 

natural 

environment , 

water 

resources, 

regional 

planning 


scorecard to 
represent 
policy 
alternatives 


one region 


static 


economy , 
natural 
environment , 
regional wa- 
terplanning 


i npu t-outpu t 


one region 


static 


economy , 

water 

resources , 

emissions, 

natural 

environment 


linear 

programming, 

input-output 

simulation 


one region 


one year 
time steps 


economy, 

natural 

environment, 

water 

resources 


linear 

programming, 

linear 

differential 

equations 


57 

subregions 
in Lower 
Delaware 
River 


static 
( steady 
state) 
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Table 3.1. (continued). 



(Section) 

Model 


Objective 
of study 


Objective 
of analysis 


Modules 


Mathemat i ca 1 
tools 


Spatial 

dimension 


Temporal 

dimension 


2.9 


methodology 


explanation 


economy, 

natural 

environment 


optimization 

(multi- 

objective 

analysis) 


a country 
with five 
regions 


static 


2.10 


methodology 


description, 

explanation 


economy, 

natural 

resources 


optimization 

input-output 


one region 


static 


2.11 


policy use 


forecasting 


economy , 
natural 
environment , 
regional 
planning 


scenario 
analysis, 
simulation 
( nonlinear 
differential 
equations ) 


one region 


a thirty 
years 
horizon 
with one 
year steps 


2.12 


policy use 


description, 

forecasting 


economy , 

natural 

environment, 

regional 

planning 


optimization 
simulation 
( linear 
differential 
equations ) 


one region 


one year 
time steps 



2.13 methodology data base, economy, linear one region time steps 

description, natural regression, to be 

explanation, environment, dispersion chosen 

forecasting regional model 

planning 



2.14 



2.15 



methodology 


description, 

forecasting 

I 

1 


methodology 

i 


description, 

explanation 



economy. 


scenario 


one region 


fifteen 


natural 


analysis. 




years time 


environment , 


simulation 




horizon 


demography , 


(difference 




with one 


regional 


equations ) 




year time 


planning 






step; a 
quarter 
time step 
of the na- 
tural env- 
ironment 
module 


economy , 


systems 


one region 


static 


natural 

environment, 

agricultural 

planning 


dynamics 
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Table 3.1. (continued). 



1 

(Section) 

Model 


Dimension of 
variables 


Availability of 
information i 


Strong points 


Weak points 


2.2 


dimensionless 

figures 


no comments 

i 


simple tool to evaluate 
economic and environ- 
mental phenomena in an 
optimization framework 


variables are 
transformed into 
dimensionless figures 


2.3 


monetary and 

energy 

dimension 


use of 

historical data 
(the external 
forcing 
function is 
considered 
to be constant) 


simulation analysis to 
include the impacts 
between economic, 
environmental and 
planning phenomena 


constant level of the 
external forcing 
function is 
considered in time 


■ 


natural 
dimension of 
measurement 


data are of 
poor quality 
for the 
environment 
module 


development of a 
methodology for water 
management analysis 


direct relationships 
between economic 
activities and 
ecological impacts 
are ignored 


2.5 


natural units 
of measurement 


no sampled data 
are available 
for the ecolo- 
gical impacts 


development of a useful 
tool to represent 
policy alternatives 


the interaction 
between economic and 
ecological phenomena 
is not included 


2.6 


monetary 

dimension 


no comments 


economic aspects, 
residual flood damage, 
and environmental pro- 
cesses in an I/O-model 


(multi) regional 
input-output 
modelling needs a 
lot of information 


2.7 


natural 
dimension of 
measurement 

l 


no comments 


integration of (socio-) 
economic, ecological 
resources and pollution 
emission aspects 


a lack of information 
still exists on the 
dynamic nature and 
sustainability of 
fish stocks 


2.8 


monetary 

and 

physical 

dimension 


lack of 
appropriate 
data for 
ecological 
impacts 


waste management 
activities included in 
an aquatic ecosystem 
module 


a lack of information 
exists to construct 
ecological models 

for management 
purposes 





































56 












Dimension of 
variables 


Availability of 
information 


Strong points 


monetary and 

energy 

dimension 


no comments 


representation of 
economic, environmental 
and energy 
phenomena by means 
of interrelated layers 


monetary and 

energy 

dimension 


no comments 


input-output analysis 
included in an 
optimization framework 


monetary 
dimension; 
acres for 
land-use types 


information not 
known with 
precision 


forestry, agriculture 
and urban development 
in a simulation 
approach 


monetary and 

energy 

dimension 


no comments 


integration of economic 
and ecological 
phenomena 


natural 
dimension of 
measurement 


no comments 


objectives of modelling 
exercise depend on 
level of regional 
planning (e.g. project 
or alternative 
strategies) 


natural 
dimension of 
measurement 


information 
from offices of 
statistics and 
from 

literature. 
Quantitative 
and qualitative 
impacts 


economic, geographical 
and spatial factors are 
analysed in relation to 
the natural environment 


natural 
dimension of 
measurement 


different ways 
of data 

collection and 
different 
levels of 
measurement of 
the variables 


integrated focus of 
economic, environmental 
and political aspects 
for agricultural 
activities 



Weak points 



no ecological 
processes are 
included in this 
stage of the TLM 
model 



emphasis upon 
monetary evaluation 
of activities 



lack of information 
concerning the 
the impacts between 
variables 




have been deve! 
independent ly 
from each othe: 



data constraints 
limit the scope 
of the modules 




analysis of only 
mi c r o- e conomi c 
activities are 
finished. 

The main part is 
still underway 
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description, explanation, forecasting, or evaluation) , are discussed in Sec- 
tion 3.2. The modules included in the models from the survey, and the mathe- 
matical tools used to operationalize the modules are discussed in Section 
3.3. A cross- classification concerning two modules (the economic module and 
the natural environment module) , according to the mathematical tools used is 
also presented in that section. 

The dimensions of space and time of the models are discussed in Section 3.4, 
which shows the difference in spatial and temporal dimensions to operation- 
alize the economic module and the natural environment module. 

The evaluation on the availability of information in Table 3.1 showed that a 
lack of appropriate information leading to difficulties in some IEMs was men- 
tioned. This will be discussed briefly in Section 3.5. 

This chapter will be concluded in Section 3.6 with some concluding and final 
remarks on the review and evaluation of the IEMs from Chapters 2 and 3. 



3.2. THE OBJECTIVE OF STUDY AND THE OBJECTIVE OF ANALYSIS 

The evaluation of the IEMs in Table 3.1 concerning the objective of the study 
shows that many models are developed for analytical or methodological use. 
A reason that so much emphasis is placed upon methodological aspects may be 
that the development of IEMs is a young field of research which started in 
the early seventies. The methodological relevance of an IEM can be subdivided 
into: 

(i) Its relevance for the development of a mathematical tool to link phe- 
nomena from various modules. Examples from such developments in the 
survey are the compromise programming approach in an evaluation proce- 
dure (in Section 2.2), the use of input-output analysis in an optimi- 
zation procedure (in Section 2.10), the use of simulation analysis in 
an optimization procedure (in Section 2.12), and the use of a score- 
card evaluation procedure to display policy alternatives (in Section 
2.5); 

(ii) Its relevance for the methodological development of a model design to 
integrate phenomena from various modules. Examples of the progress in 
the development of the model design from IEMs can be illustrated by 
the multi-layer projection with the economic, employment and environ- 
mental modules represented as parallel layers (see Section 2.9), the 
modular form of the water management analysis for the Netherlands with 
a water distribution module which acts as the core of the analysis (in 
Section 2.4) , and the modular form of an IEM applied to a regional 
housing development scenario which includes qualitative and quantita- 
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tive analyses (in Section 2.14). 

However, some models discussed in Chapter 2 have also been used in decision- 
making processes, and the first column in Table 3.1 shows that 7 models out 
of the survey have been developed for explicit use in regional decision ma- 
king processes (e.g., regional development and fisheries, regional water 
management activities, environmental quality control). 

Hie second column in Table 3.1 shows that the main objective of the analysis 
of IEMs out of the survey is subdivided into five categories, viz. data base 
generation, description, explanation, forecasting and evaluation. These five 
types of modelling objectives can be interpreted as follows (see also Burch 
et al., 1979; van Lierop,1986; Nijkamp, 1983). 

The generation of a data base system means a structured organization of in- 
formation in order to increase the insight regarding a certain phenomenon. 
The organization of information may be carried out from data base systems in 
various ways; for example, verification (validation of the correct nature of 
data) , classification (or the grouping of information into specific classes) , 
updating (interpolation or extrapolation when additional information becomes 
available, for example the RAS-techniques which are tools for updating of 
input-output tables) , and retrieving (selection of specific information from 
specific media) • An example of a data base generation from the survey was 
discussed in Section 2.13. A developed data base may be used for other types 
of modelling categories, such as description or exploratory analysis, and 
explanation etc. An example of an information and modelling system for envi- 
ronmental policy in the Netherlands is discussed by Hordijk et al. (1981). 
Description or an exploratory analysis of phenomena is a structural represen- 
tation of the information; for example, the state of the regional water flows 
in the Netherlands with regard to the PAWN study in Section 2.4, and the 
exploration of the spatial interdependencies of the water flows in the PAWN 
study. 

Explanatory analysis or impact analysis deals with the stimulus- response 
relationships in causal models concerning the effects of public policy deci- 
sion making processes. Model forecasting is the extrapolation of the stimu- 
lus-response relationships toward the future and it includes temporal compo- 
nents in an explanatory analysis. 

An evaluation procedure copes with the process of analysing policy plans or 
projects, and it deals with the comparison of the advantages and disadvan- 
tages from various policy alternatives. Two types of evaluation procedures 
have been discussed in the survey, viz. a compromise programming procedure 
(in Section 2.2), and a scorecard evaluation of policy alternatives (in Sec- 
tions 2.4 and 2.5). 




3.3. THE MODULES AND THE MATHEMATICAL TOOLS 



The third column in Table 3.1 shows the modules of the IEMs out of the survey 
and the next column shows the mathematical tools which have been used to 
operationalize the models. All IEMs discussed in Chapter 2 include at least 
an economic module and a natural environmental module. Four types of mathema- 
tical tools are the most relevant ones in the survey, viz. optimization, 
input-output analysis, simulation analysis and a scenario approach. Table 3.2 
shows a cross- classification of the modules and the mathematical tools used 
to operationalize these modules. The numbers in the table refer to the cor- 
responding sections in Chapter 2. Such a table may indicate whether some 
correspondence exists between modules and the mathematical tools used to 
operationalize the modules. 



Table 3.2. A cross-classification of modules and mathematical tools. 



— 

Mathematical 


Module 


tool 


Economic 


Natural environment 


Optimization 


2.2; 2.7? 2.8; 2.9? 
2.10; 2.12 


2.2? 2.9; 2.10 


Input-output 




2.6 


Simulation 


2.3; 2.11? 2.13? 2.15 


nna 


Scenario 







The cross-classification in Table 3.2 shows that optimization procedures and 
input-output models have been used especially in case of economic modules. 
Optimization models, which are mainly used in regional analyses, determine 
the optimal allocation of public activities among regions, such as, the com- 
promise programming evaluation between agricultural activities and nutrient 
loading levels in water from Section 2.2. Input-output methods in regional 
analyses are economic- based methods which originate from the double account- 
ing principle in national accounts (see also Nijkamp et al., 1986 for a dis- 
cussion of various modelling approaches in regional-economic analysis). 

The results from Table 3.2 also show that the use of simulation models is a 
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widely used tool in modelling natural environmental processes. Simulation 
models 'have been derived from an a priori consideration of the essential 
relationships between the elements of populations or processes or from the 
integration and testing of the compatibility of information derived from a 
large number of different sources' (Jeffers, 1982, p. 23). 

A number of well-founded reasons of the widespread use of simulation model- 
ling in environmental processes were presented by Fedra (1983) when he men- 
tioned 'the complexity and variability of environmental systems, the scarcity 
of appropriate observations and experiments, problems in the interpretation 
of empirical data, and the lack of a well established, comprehensive theore- 
tical background' (Fedra, 1983, p. 19). 

The scenario approach was only used in three models to operationalize the 
economic module. A scenario consists of a description of one or more future 
situations as well as of a description of the transformation process from the 
present state of a system to its state in the future. See for example the 
scenario approach which was used in the POLANO study in Section 2.5 where the 
consequences of restricted and unrestricted investment policies on recrea- 
tional activities were analysed. 



3.4. DIMENSIONS OF SPACE AND TIME IN INTEGRATED ENVIRONMENTAL MODELS 



The evaluation of the IEMs in Table 3.1 concerning the spatial dimension 
shows that the IEMs are single regional models in eleven out of fourteen 
cases. See also Section 1.1 for a discussion of the primary efforts in re- 
gional-economic modelling, which were also developed at a single- regional 
scale. 

The spatial dimensions as well as the temporal horizon may be different for 
the variables which describe the economic activities and the ecological pro- 
cesses (Nijkamp, 1984a) • The spatial scale of ecological variables such as 
species diversity, is often represented in terms of square metres, and the 
economic variables may be adequately measured at a regional or sub-national 
level. 

A reasonable example of the difference in time perspective and spatial scale 
in IEMs is the acid rain problem, with economic- technological solutions in 
specific areas which can at least in principle be implemented within a period 
of a decade. However, the observable environmental diffusion effects of such 
policy measures, which cross the boundary of regions and even of nations, 
may take several decades. 

Clark (1985) presented some examples on the variation in time scales in case 
of climatic change between socio-economic and ecological processes. Socio- 
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economic processes like crop cycles, industrial processes and population may 
cover a temporal focus between a month to a century, while ecological pro- 
cesses such as animal reproduction, and vegetation range extension may cover 
a temporal focus between a week and a period of 5000 years • 

A region itself may also be defined in various ways such as the standard 
metropolitan labour areas (SMLA) in the United States which aims to define 
regional labour market areas, and the administrative regions (provinces, 
counties, etc.) which are the spatial entities used by regional authorities 
for the collection of demographic data. Some regionalization principles will 
be further elaborated in Section 4.5. External linkages may also exist for 
models operationalized at the single- regional or multi- regional level, be- 
cause flows of goods, activities or money may exert their influence across 
the boundary of a spatially demarcated region (see also Nijkamp et al«, 
1986). 



3.5. THE AVAILABILITY OF INFORMATION IN INTEGRATED ENVIRONMENTAL MODELS 



The evaluation of IEMs in Table 3.1 showed that the lack of appropriate in- 
formation was mentioned to lead to difficulties in seven cases out of the 
fourteen models from the survey to operationalize one or more modules. The 
difficulties mentioned by the modellers vary from the quality of information 
to the absence of information concerning modules. The quality of information 
may be poor when such information concerning variables is not known with 
precision. 

Three points can be mentioned concerning the quality of appropriate informa- 
tion. First, the availability of statistical information at the regional 
level for economic based sectoral activities (production, employment or con- 
sumption, etc.) can still be improved (see also Klein and Glickman, 1977) • 
The availability of information for the operationalization of an I EM depends 
on the definition and spatial demarcation of a region because the major part 
of socio-economic data is collected for administratively defined regions 
(e.g., states, counties, provinces). Data problems, such as the availability 
of statistical information, may lead to serious problems in case of estima- 
tion and validation of regional models. 

Second, the evaluation in Table 3.1 shows that the lack of appropriate infor- 
mation becomes especially problematic for operationalization of ecological 
processes and activities. This varies from the poor quality of information to 
the missing of information for the ecological processes. 

Finally, the models discussed in Sections 2.14 and 2.15 mention the various 
data sources and the different levels of measurement of variables within the 
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framework of an I EM* The data may be obtained from different sources, varying 
from regional or national statistical offices, controlled experiments, sur- 
veys, panel studies, to expert judgments* The corresponding levels of mea- 
surement of the data vary from a metric to a non-metric scale* The various 
mathematical tools for dealing with such levels of measurement of information 
will be further elaborated in Chapter 5* 

3.6* CONCLUDING REMARKS 

The state-of-the-art of I EM modelling approaches was discussed in Chapter 2, 
to be followed by a confrontation of the models from the survey in Chapter 3 
by making use of nine points of reference* 

This introduction to integrated environmental modelling shows that IEMs may 
encompass among others the following elements: environmental impacts of pro- 
duction and consumption (in Sections 2*3, 2.4, 2*6, and 2.9), ecological 
processes in relation to the economy (in Sections 2.2, 2.5, 2.7, 2.11, and 
2.12), resource management (in Sections 2.8, 2.10, and 2.13), land use im- 
pacts (in Section 2.14 and 2.15), spatial mobility and demographic elements 
(in Section 2.14) (see also Arntzen and Braat, 1983 for a discussion of the 
various types of application of IEMs) • Such models aim to provide a compre- 
hensive and systematic picture of the components and interactions in an eco- 
nomic and ecological module for a certain area. 

The different ways of operationalizing economic, demographic and ecological 
phenomena concerning mathematical tools, space/time dimensions and the avail- 
ability of information was discussed in this chapter. This difference shows 
the necessity to integrate such phenomena in a systematic way. Many conflict- 
ing issues have come about in recent years in regional- economic and environ- 
mental policy making, which is, for example, witnessed by the environmental 
impacts of acid rain in natural parks. Also many other cases (fishery, agri- 
culture, recreational activities, e.g.) as mentioned in Chapter 2, demon- 
strated the need of a rigorous systematic approach to current planning. 

A systems theoretic approach will therefore be discussed in the next chapter 
as a methodology to integrate phenomena which originate from various disci- 
plines. 




PART Bt 

METHODOLOGY AND TOOLS TO OPERATIONALIZE 
AN INTEGRATED ENVIRONMENTAL MODEL 




CHAPTER 4. A SYSTEMS APPROACH TO AN INTEGRATED ENVIRONMENTAL MODEL 



4.1. INTRODUCTION 

An I EM is characterized by a formal and coherent model structure for environ- 
mental phenomena, in which the constituents emerge from various modules whose 
nature originates from (spatial-) economics, ecology, demography, geography, 
transportation analysis, etc. The various IEMs presented in Chapter 2 showed 
that the phenomena and processes described in the modules differ in nature as 
well as in the contents of the variables. The economic part of an I EM may 
include, for example, such variables as production, consumption and employ- 
ment, while the ecological part may include variables which reflect the asso- 
ciation and diversity of ecosystems. However, despite the differences between 
these phenomena originating from various disciplines, they may interact with 
each other in an I EM. The examples of IEMs presented in Chapter 2, and fol- 
lowed in Chapter 3 by an overall discussion of the common characteristics, 
also showed the relevance of a systematic approach to the development of an 
IEM. 

A sound research strategy is therefore necessary in order to structure, ana- 
lyse and decompose the complex and mutually dependent environmental problems 
into relevant parts. Systems theory is such a research strategy having its 
roots in biology, psychology, philosophy, and economics. The development of a 
systems approach is influenced by the rise in complexity of society because 
'an interrelationship exists between all elements and constituents of socie- 
ty. The essential factors in public problems, issues, policies and programs 
must always be considered and evaluated as interdependent components of a 
total system' (the Canadian Premier Manning in von Bertalanffy, 1968, p. 4). 
In this respect, systems theory can be regarded as a methodology towards the 
operationalization of a model with strongly interrelated subsystems. Ecosys- 
tems, for example, can be represented by means of processes and negative 
feedback relationships in a dynamic systems context. This argument is based 
on the consideration that an ecosystem is interpreted as a cybernetic system, 
with stimulus-response flows of information which are regulated by feedback 
relationships (see also von Bertalanffy, 1967). 

The systems approach is based on two basic considerations, viz. (i) reality 
is considered from the behaviour of the 'whole' system, and (ii) a mutual 
dependence is considered between systems and their environment. Although the 
environment is outside the system, it may perform a permanent inflow or out- 
flow of matter or energy to the system. A system having a mutual dependence 
with its environment is usually also called an open system. 
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Hie first part of this Chapter (Section 4.2) is devoted to a discussion of 
the systems approach in socio-economic and ecosystem studies * A brief histo- 
rical overview, the main characteristics, and the usefulness of systems theo- 
ry as a tool of integration in multidisciplinary- research will be discussed 
first in that section. The relevance from various applications of systems 
analysis in ecosystem studies and in socio-economic studies will also be 
discussed in Section 4.2. 

Systems theory will be used in the second part of this chapter (Section 4.3) 
in the framework of the development of an I EM. Two concepts of integration of 
an IEM are presented in Section 4.3, and a distinction will be made between a 
horizontal (or parallel) and a vertical (or hierarchical) model approach. The 
two approaches differ in the way that the links between modules are concept- 
ualized and operationalized. A recently developed model concept of integra- 
tion that partly reflects the characteristics of both the horizontal and the 
vertical model approach is the satellite model design . This concept of inte- 
gration will be discussed in Section 4.4. 

Integrated modelling efforts at a regional level are usually facing the pro- 
blem of a relevant spatial demarcation . The IEMs discussed in Chapter 2 were 
developed at the regional level. However, the survey in Chapter 2 also showed 
that a region is not a uniquely defined spatial entity, and a region may also 
be subdivided into sub- regions in various ways. Ecosystems and economic phe- 
nomena, for example, may have spatially different effects which cross the 
boundary of administratively defined spatial systems, and such features may 
influence the model outcomes. Different ways of linking regions with each 
other or with other spatial entities will be presented in Section 4.5. A 
distinction will be made in that section between the so-called spatial aggre- 
gation level and the spatial scale level and their relevance for model out- 
come. 

Some concluding remarks are presented in Section 4.6 with respect to a sys- 
tems approach for developing an IEM. 

4.2. SYSTEMS THEORY 

The main developments of science since the time of Newton and Descartes were 
influenced by reduction of phenomena into isolated components. Phenomena and 
processes were reduced and decomposed into as many isolated and simple compo- 
nents as possible, while often -the possible causal relationships between them 
were neglected. Within this view of reductionism, the aggregation of the 
individual components was considered to be an explanation of the phenomena 
themselves. As a consequence of this view, modern science is characterized by 
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an ever increasing specialization of disciplines each generating new subdis- 
ciplines. However, a drawback of the increasing monodisciplinary developments 
is the ignorance of the mutually dependent aspects which cross the boundaries 
of a single discipline. 

The neo-classical economic theory, for example, is based on the atomistic- 
mechanistic world view; this world view is based on Newton's 'Philosophise 
Naturalis Principia Mathematics ' • It is atomistic because the production 
factors land, labour, and capital are considered to be separate components 
during the production process. The production factors are only related to 
each other by means of their relative values. The neo-classical approach is 
also mechanistic because economic systems are considered to operate along 
equilibrium values. Atomistic-mechanistic models are mainly charaterized by a 
series of stable equilibria (see also Norgaard, 1985). 

The development of systems theory is aimed at crossing the boundary of the 
various scientific fields (or disciplines) and to provide a tool of communi- 
cation between disciplines because 'one wonders sometimes if science will not 
grind to a stop in an assemblage of walled-in hermits, each mumbling to him- 
self words in a private language that only he can understand' (Boulding, 
1956, p. 1 2 ) • 

The development of systems theory has its historical roots in disciplines 
like biology (Ludwig von Bertalanf fy) , psychology (development of Gestalt- 
psychology which is aimed at clarifying human behaviour and phenomena by 
means of 'Gestalts' or wholes), and economics (Kenneth Boulding). Von Berta- 
lanffy mentioned that phenomena cannot be explained exclusively in terms of 
its components, but should be analysed also in terms of the relationships 
between the components. Conventional economics on the contrary, tends to 
limit its field of operation to market oriented phenomena, mainly character- 
ized by production and consumption activities. Boulding however, seems to be 
a more problem-oriented economist; this means that he is convinced that there 
is a considerable interdisciplinary area of social science and moral science 
(e.g., ethics) where economists should be ready to learn from other discipli- 
nes. 

A key element in the development of systems theory with respect to the var- 
ious disciplines was the consideration that a system is defined as a unit 
which consists of mutually related elements. This consideration is in agree- 
ment with the view on the world-order of the Greek philosopher Aristotle who 
supported a composition law by stating that 'the whole is more than the sum 
of its parts, and the part is more than a fraction of the whole', which still 
holds true for the basic systems approach. An analysis of parts or compo- 
nents, which are isolated, cannot provide a total understanding of a func- 
tional whole. 
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Ludwig von Bertalanffy, who introduced and advocated the term 'General Sys- 
tems Theory', published various statements concerning its aims in the first 
yearbook of the Society for General Systems Research in 1956, viz* (von Ber- 
talanffy, 1956): 

(i) a general tendency towards integration in the natural and social 
sciences, because a consistent conceptual structure of physical, bio- 
logical, and social phenomena appears to be necessary; 

(ii) the integration seems to be centered in a general theory of systems; 

(iii) the development of unifying principles of the individual sciences; 

(iv) a need for integration of scientific education* 

A general system was in the early fifties defined as a theoretical system 
which is of interest to more than one discipline* 

Systems theory in relation to global environmental problems has been used, 
for example, as the basis for the model upon which the first Report of the 
Club of Rome has been based. Forrester (1971) developed a simulation model 
concerning the major relationships between environmental aspects, growth of 
population, industrialization, natural resources and food problems. Such 
basic elements could not be analysed separately because of their mutual de- 
pendency* The mutual dependence between the different parts was emphasized in 
this Report* 

The general economic equilibrium analysis developed by Walras and operation- 
alized by Leontief in the input-output analysis is an example of a general 
systems approach in economics* Such equilibrium analysis in economics can be 
generalized toward other fields like ecological equilibrium analysis, which 
is based on a number of interacting populations* 

A hierarchical ordering of phenomena is a fundamental concept in systems 
theory* An example of this hierarchy in nature are atoms, which combine to 
form with their own characteristics, and which can be combined to biological 
organisms. The organisms give phenomena which in turn lead to even higher 
levels of organization (von Bertalanffy, 1968; Rahmatian, 1985; Simon, 1973)* 
Simon makes a distinction between physical, chemical, biological, social and 
artificial systems, which are denoted as hierarchical systems, and are linked 
to each other* 

Formally, a system is a collection of objects, components or modules with 
interactions or input/output statements between them (see also Mesarovic, 
1964; Wymore, 1976)* The objects may also be called entities* The mutual 
dependence and hierarchical ordering of objects is a major point of systems 
theory, as was already mentioned by von Bertalanffy and Simon. 

An example of a closed system is presented in Figure 4.1. The example will be 
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called a closed system, because no input effects from outside the system are 
considered. A closed system is isolated from its environment, because there 
is no exchange of matter, energy or information. 

Figure 4.1 consists of components A and B which are mutually dependent. The 
outjput of component B becomes input for component A and vice versa. 




Figure 4.1. Schematic representation of a closed system. 

The structural properties of such a system can be summarized in the following 
way (see Bennett and Chorley, 1978): 

(i) the properties of each component will affect the system as a whole; 

(ii) the properties of each component will affect at least one other compo- 
nent. 

A system like the example in Figure 4.1 cannot be partitioned into sets of 
mutually independent components. This is in agreement with the history of 
systems theory: a system has properties which are quite different from the 
separate components, and systems theory is mainly concerned with 'complicated 
systems where components exhibit a high degree of interdependence. The behav- 
iour of the whole system is then usually much richer than the sum of the 
parts' (Wilson, 1981, p. 3). 

A closed system like Figure 4.1 is isolated from its environment by a bounda- 
ry. An example of a closed system is a chemical equilibrium which may be 
established when a number of reactants are brought together in a vessel. 
Another example of a closed system in a mathematical form is a simultaneous 
set of equations with endogenous variables, but no exogenous variables (or 
'constant level' variables from outside the system). 

Boulding, for example, considered a circular course process in economics, 
with input and output factors which are related to each other by so-called 
' throughputs ' • Resources are inputs to the production and consumption process 
and are transformed into output. The main emphasis of economics is placed 
upon the process of 'throughput'. Because of the finite capacity of resources 
and energy, the open system process of input- throughput- output has to be 
changed in a closed system marked by a circular course with output to be used 
again as input factor. Because of these characteristics he compared the na- 
ture of an economic system with a spaceship (his notion of a so-called 
'spaceship earth') with energy in the transformation from input to output. 




- 70 - 



which acts as the limiting factor in the production process. 

The circular course process which Boulding considered in economics has been 
elaborated further in ecological systems by means of materials balance mo- 
dels . Such models are closely related to three characteristics from thermody- 
namics, viz. the conservation of matter, the conservation of energy (the 
first law of thermodynamics), and the increase of entropy for a closed system 
(the second law of thermodynamics). The input of materials balance models 
consists of flows and stocks of energy and materials which are transformed 
into final goods and residuals (see also Kneese et al., 1970? Eriksson, 
1984). Some limitations of the materials balance models are: 

- its physical basis which precludes an appropriate analysis of psycho- soma- 
tic impacts of specific pollutants (toxic chemical compounds, e.g.); 

- ecological processes which are in general neglected; 

- various economic aspects which cannot be dealt with (the monetary part, 
the societal processes, and so forth). 

Phenomena which do not belong to a defined system will be called its environ- 
ment. Input effects from outside a system may also be possible. Such a system 
will be open in nature (see the example in Figure 4.2). Every living organism 
may be interpreted as an open system with a permanent inflow and outflow of 
components • 




Figure 4.2. Example of an open system. 

A closed system simply consists of an input, say A, and an output, say B, 
which are linked to each other in an analytical way by a transfer function f, 
or in formal terms by means of B-f(A). The transfer function f which links 
two components A and B is the main element in the system, since it describes 
the process or changes from systems input to systems output. Such simple 
systems where an input is transferred into an output by means of an operator 
or transfer function are also called black box systems. Feedbacks between 
system components are an essential part of systems analysis, and the basic 
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elements of feedback relationships will be presented below in terms of a 
closed system. A feedback relationship exists, for example, between A and B 
in Figure 4.1 because the output of component (or sub- system) A, which is in- 
fluenced by the output of sub- system B, again becomes input for sub- system B. 
The stimulus-response relationships between sub-systems may be denoted by a 
so called correlative system (Jones, 1983). An example of a correlative sys- 
tem for electrical energy demand is given in Figure 4.3 (see also Casti, 
1979). 

A correlative system only presents the links between key factors, which may 
be included in a mathematical representation of a system as in Figure 4.3. 
The lines which link the components are lines of a probable relationship. 

A feedback relationship in Figure 4.3 exists from component 7 back to compo- 
nent 4. The information concerning the effects of a process which is the 
output from component 7 is returning to one of its sources in component 4. 
The feedback mechanism as mentioned in Figure 4.3 is the basic characteristic 




with: 1 * energy capacity 4 « energy use 

2 * energy price 5 ■ environmental quality 

3 = number of factories 6 = number of jobs 

7 ■ population 

Figure 4.3. Correlative system of electrical energy demand. 

of cybernetics and is aimed to control a system's function, either to main- 
tain a desired state or to reach a specified goal. 

It is worth noting that in various cases systems theory has become a rather 
confusing term, as it is often claimed by many researchers that they follow a 
systems approach, without precisely defining the system at hand. A variety of 
systems approaches have been developed in case of, among others, problem- 
solving and decision-making, planning, or of describing and explaining sys- 
tems and their behaviour (see also Rahmatian, 1985 for a presentation of 
applications on systems approaches). Some general characteristic features of 
systems theory will therefore be mentioned now: 

(i) information concerning systems is obtained from different sources and 
disciplines; 
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(ii) a system is based on a concrete real-world situation, and systems 
theory is hence an experimental science which includes human activi- 
ties, especially those which occur at specific locations and times; 

(iii) systems theory is usually focussing attention on decision making 
(e.g., in regional planning) with complex multidimensional problems? 

(iv) systems theory provides a unified framework of analysis, so that the 
use of mathematical-statistical tools and of computers is usually 
appropriate. 

The major tasks of a systems analyst are therefore twofold: 

(a) the design of a coherent system that can be used to analyse the scope 
of a problem under consideration. The relevance of a system cannot be 
proved in a mathematical way, but should be based on experiments (see 
(ii) above); 

(b) the design of a set of formal (mathematical statistical) representa- 
tions or models in order to analyse a real world problem in an ade- 
quate way. 

A mathematical model provides a systematic structure for placing the informa- 
tion from a systems approach into proper perspective. The different stages of 
systems theory to relate a system with a mathematical model representation 
are summarized in Figure 4.4 (see also Beck, 1979? Bennett and Chorley, 1978? 
Caswell et al., 1972? Jorgensen, 1983; Morgan, 1981? Murphy, 1985? Svedin, 




Figure 4.4. Definition and evaluation of a systems model 
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1985? Wilson, 1981). 

The six stages developing a systems model in Figure 4.4 can be explained in 
the following way: 

Stage 1 . A research question should be formulated which also defines the 
goal of the analysis. The first step in the systems process which 
is evidently influenced by subjective choices concerns a partition- 
ing of the observed universe into a system and its environment. 
Preliminary choices should be made among others in relation to the 
temporal, spatial and sectoral scale within which the activities 
take place. 

The time units to be used may vary from a long-term horizon of 
about ten years for dynamic physical planning systems to a short- 
term time horizon such as months for ecological systems. 

The system to be analysed may be based on the spatial scale of a 
region, but also - in other cases - on a much more refined spatial 
scale with grids of 100 m 2 . 

Finally, the sectoral elements represent the number of components, 
i.e. either aggregated data or more refined disaggregated data when 
a subdivision will be made according to, for example, types of 
labour or economic activities (agriculture, industry or service 
sector, e.g.). 

The requirements to specify a systems model in case of socio-eco- 
nomic and environmental research have been further elaborated by, 
among others, van Lierop (1986) and Somermeyer (1967). 

Stage 2 . This stage is based on the selection of necessary and useful ob- 
jects, behavioral features and state variables. Necessary aspects 
to be considered are: 

(i) the relationship between the variables in a system (which 
depends on the aim of the study) ? 

(ii) the inter-relationship of the system with sub-systems and the 
environment • 

Stage 3 . The state of a system implies a characterization of a set of rele- 
vant phenomena and a choice of the transfer function by means of 
specified values for the system. Variables which are not observable 
are called latent variables (for example regional welfare, environ- 
mental quality). In case of latent variables, manifest variables 
should be included to approximate the unobservable, latent vari- 
ables, while in this context also latent variables techniques (like 
LISREL) may be applied. The model specification depends on the 
results from stages 1 and 2 as well as the availability of informa- 
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tion. 

Stage 4 > In this stage the numerical significance of systems relationships 
will be operationalized and estimated. Behavioral features can be 
denoted in a qualitative or a quantitative way. 

Stage 5 . The level of explanation and the fit of the model can be checked by 
means of statistical test procedures, based on the efficiency and 
fit properties from the parameter estimates. The previous stages of 
the analysis may be reformulated or adjusted when the parameter 
estimates are inefficient or suboptimal in some respect due to, for 
example, low significance level, spatial or temporal autocorrela- 
tion, etc. 

Stage 6 . The fitted model may be used for description, planning, policy and 
forecasting; this use depends on the goal of the analysis in stage 
1 and the results from all previous stages. 

The different stages of systems theory in Figure 4.4 show that a synthesis 
between information collection and mathematical modelling can be achieved 
in five successive stages of system development (Jeffers, 1976, and Nadler, 
1985), viz.: 

(i) definition of objectives and preliminary analysis in terms of the hie- 
rarchical nature of phenomena; 

(ii) experimentation and collection of information; 

(iii) management and expert judgements by decision-makers and modellers; 

(iv) evaluation of the results achieved; 

(v) final synthesis between the proposed systems design, the information 
obtained, and a mathematical model operationalized. 

The six stages of Figure 4.4 to extract information for decision making from 
the integration of socio-economic data and natural resources data is termed a 
geographic information system by De Man (1984). 

The basic principle to identify ecosystems' behaviour is the consideration 
that the pattern of interactions between the phenomena or objects is at least 
as important as the characteristics of the phenomena themselves (Caswell et 
al., 1972), because of the feedback relationships between processes. 
Ecological processes which are multidimensional in nature, may involve a 
number of uncertainties and risks, its phenomena may be nonstationary (or 
time dependent), and nonlinear in nature (see Bennett and Chorley, 1978). 
Uncertainty of ecological processes deals with the scarcity of the available 
data for the analysis which are also subject to sampling errors (see also 
Fedra et al., 1981 for an example of ecosystems modelling with uncertainty). 
Having discussed now the main characteristics of systems theory in case of 
modelling economic and environmental phenomena, the systems approach will be 




presented in the next section as a methodology to develop the design of an 
IEM. 



4.3. TWO DESIGNS OF INTEGRATION 
4.3.1. Introduction 

The first stage in the process of the definition and evaluation of a systems 
model deals with the definition and structure of a system, and the second 
stage deals with the determination and the definition of stimulus- response 
relationships between sub-systems (conform Figure 4.4). An overview of sys- 
tems approaches in the framework of analysing environmental phenomena is 
presented by Gottinger (1974). The phase of model design to the operational- 
ization of an IEM is discussed in this section and it defines recognition, 
definition and structuring of a problem as well as the process of hypothesis 
building concerning the formulation of a model in terms of its stimulus-res- 
ponse relationships (MUller, 1981, 1983). Two designs of integration con- 
cerning IEMs will be discussed, viz. a so-called horizontal or a parallel 
and a vertical or hierarchical model design of integration . Nijkamp (1984) 
indicated some conditions for a meaningful integration of economic and ecol- 
ogical models, viz.: 

1 • The models should provide a coherent and consistent representation of a 
system with economic and ecological components. 

2. The analysis should have a satisfactory degree of disaggregation and vari- 
ation, so that the differences between various sub- systems become appar- 
ent. 

3. The interactions within and between the sub-systems should receive suffi- 
cient attention so that relevant links are described in a satisfactory 
manner. 

4. An empirical application of the analysis should, in principle, be possible 
(either in quantitative measures or in a qualitative measure). 

5. The analysis should provide sufficient and relevant information for a 
policy-maker who has to judge the various alternatives. 

In the light of these considerations the following design principles may be 
mentioned for integrated modelling efforts (Brouwer et al., 1984): 

- relevance : which problem requires which type of integration? 

- operationality : which approach assures a maximum of empirical or policy 
use? 

- specification : which model structure leads to an ordering of multidiscip- 
linary phenomena which is in agreement with a complex multidimensional 
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reality? 

- flexibility : which model type is suitable for new alternative applications 
and extensions? 

- accessibility : which model structure can easily be employed by other users 
or at least be made transferable to analogous problems? 

- policy transparency : which model type provides a clear insight into rele- 
vant alternative choice options, and in policy effects? 

The next subsection will be devoted to a discussion of a horizontal and a 
vertical model approach. Both approaches have been used in empirical applica- 
tions. An example of an horizontal model structure and a vertical model 
structure of IEMs discussed in Chapter 2 will also be presented. 

A confrontation of two empirical applications of the horizontal and the ver- 
tical model approach makes use of the six design principles. 

4.3.2. A horizontal model approach and a vertical model approach 

The first stage in the definition of a systems model in Figure 4.4 deals with 
the definition and structure of a system, also called the systems design 
phase. The model design for IEMs can be subdivided into a horizontal model 
approach and a vertical model approach . The distinction in these two ap- 
proaches may indicate that the relationships between variables from different 
modules can be analysed in different ways (Brouwer and Nijkamp, 1986d). 

A horizontal model approach is characterized by its interactions between 
monodisciplinary modules in terms of a parallel design. All relevant modules 
have an equal contribution to the model conceptualization and operationaliza- 
tion and will be analysed in equal detail. No clear distinction will be made 
in the model design between the impacts between variables from one module on 
the one hand and the impacts between variables from various modules on the 
other hand. 

An example of the horizontal model approach is the multiobjective decision 
making analysis for the reduction of phosphorus loading in water, discussed 
in Section 2.2. The objective function consists of the sum of two dimension- 
less figures (see equation 2.1) which originally were measured in terms of 
the percentage reduction of phosphorus loading and yields of agricultural 
activities (see Figure 2.1). An advantage of the horizontal approach used in 
the example is that variables which originate from different disciplines 
(economics and ecology) are linked to each other in a rather straightforward 
way in this model by means of the multi- objective framework. The links be- 
tween modules in a horizontal model approach of this example can be inter- 
preted as the interactions between dimensionless figures which originate from 
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an economic module and a natural environment module* 

A vertical model approach is characterized by a hierarchy of the modules in a 
model with one or more of the modules being superior to all others* The ver- 
tical model approach places special emphasis on the relationship between the 
dominant module and the other modules* The hierarchy of modules will be rele- 
vant in empirical situations when the level of one factor is the major point 
of study which is an input for all other modules* However, the mutual rela- 
tionships - except the ones between the dominant module and the other modules 
- are considered to be of minor importance in the vertical model approach* 

An advantage of the hierarchical nature of a systems model design is the 
identification of 'the interrelationship among levels and subsystems' (Nad- 
ler, 1985, p. 690). 

A vertical model approach, distinct from a horizontal model approach, is 
mainly selected in empirical situations because 'initial attempts to cover 
all topics in a similar degree of detail have proved to be overambitious, in 
terms of staff time and data availability, and more recently it has become 
almost standard practice to adopt an approach focusing upon selected topics 
with major implications for policy or for short-term investment programs' 
(Batey, 1984, p* 65). The remaining possible relationships receive less at- 
tention and are assumed to be of only minor importance* 

The characteristics of the vertical or hierarchical structure have some ad- 
vantages when compared with the horizontal model structure (see Goodall, 
1976) because it gives special emphasis on the major relevant links between 
modules* Such emphasis on the major relevant links between the modules may 
give an easier and better understanding of the impacts in a system* A practi- 
cal advantage of the hierarchical approach may deal with data availability 
and staff time* 

The hierarchical model approach corresponds to a representation of biological 
activities, for example, in a hierarchical way* A hierarchical systems ap- 
proach in biology was developed by Rosen (1972), and he defined two condi- 
tions for an hierarchical systems organization, viz. '(i) the system is en- 
gaged simultaneously in a variety of separate distinguishable activities, and 
(ii) different system descriptions are necessary to describe these several 
activities' (Rosen, 1972, p. 59)* 

An example of the vertical or hierarchical model structure has been discussed 
in Section 2*4 for the analysis of availability, distribution and transport 
from water resources in the Netherlands (see also Figure 2.3). The central 
part of the analysis is made up by the water distribution module; a balance 
between supply of and demand for water from the different sectors (e*g*, 
industry, agriculture, lakes, treatment plants) is obtained from and regula- 




ted by that core module* The hierarchical model structure is in this example 
based upon two levels, viz* the core level with the water distribution mo- 
dule, and the. lower level, which is defined by the core module, and which 
consists of the other modules* 

The advantage of the vertical model approach in Section 2.4 is the selection 
of one module as the dominant one* The different aspects related to the dis- 
tribution of water, such as agriculture, environment and industry are treated 
in the other modules and analysed independently from each other. However, a 
disadvantage of the vertical approach is that no direct links are modeled 
between the other modules* Such lower level modules are only related indi- 
rectly to each other in the frame of the water distribution module* 

An example of hierarchical decomposition of socio-economic systems is pre- 
sented by Muller (1981; 1983) for the Melle area in West Germany* A socio- 
economic system has been decomposed into a subsystem, and a module has been 
specified for each cluster of variables* 

A confrontation of the horizontal model approach and the vertical model ap- 
proach concerning the principles of relevance of integration, operationality, 
specification, flexibility, accessibility and policy transparency is summa- 
rized in Table 4*1* 



Table 4*1. Comparison of two model concepts for IEMs on several criteria. 



relevance 


A horizontal approach may be relevant in a 
monodisciplinary evaluation procedure of economic and 
environmental phenomena* 

A vertical approach may be relevant when one module is 
dominating the other modules (water distribution in 
watermanagement , e • g • ) • 


operationality 


Both approaches have been operationalized in an empirical 
application* 


specification 


A horizontal model approach has a stronger tendency to 
specify modules along disciplinary lines than the vertical 
model approach, because the latter one emphasizes an 
analysis of key processes and factors* 


flexibility 


A disadvantage of the vertical approach may be that this 
type of model may have to be entirely redesigned, and 
extended when new applications are needed* 


accessibility 


A horizontal framework may contain a lot of information 
that is irrelevant to the (outside) user* 


policy trans- 
parency 


A clear insight into relevant alternative choice options 
may be obtained for each of the two model concepts. Policy 
transparency can be interpreted as the result of the 
evaluation from the five other mentioned points of 
confrontation* 
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4.4* TOWARDS A SATELLITE DESIGN OF AN INTEGRATED ENVIRONMENTAL MODEL 

The conclusion from Section 4.3 concerning the relevance of the horizontal 
model approach is that it may become rather overambitious and complicated, in 
terms of design, staff time, budget and data availability, to operationalize 
such a model. This becomes especially severe when various modules such as 
demography, recreation, transportation and built environment are included in 
an integrated regional environmental modelling approach* 

An advantage of the vertical model approach is clearly its hierarchical 
structure with one (or more) modules being mutually dependent on all these 
other modules, and the presence of only a few factors which are input for all 
these other modules. However, a disadvantage of the vertical model approach 
is that no direct links are considered between the lower level modules. Such 
lower level modules are only related to each other in an indirect way by 
means of the higher level module(s). 

Table 4.1 showed that both model designs appear to have advantages and disad- 
vantages • 

A mixture of the horizontal and the vertical model design will be introduced 
in this section, and this concept of integration for an I EM will be called 
the satellite model design . 

There are three reasons to develop a satellite design for IEMs, viz.: 

a) a systematic approach is necessary because of the complex nature of IEMs, 
with phenomena and processes which originate from different disciplines 
and are to be analysed in an integrated way. Systems analysis can be re- 
garded as a methodology to unify the principles of the individual scien- 
ces, with subsystems that cannot be partitioned into mutually independent 
components; 

b) a hierarchical nature may be useful when one or more modules are the key 
factors for the analysis and are also an input for the other modules; 

c) a distinction may be desirable between monodisciplinary relationships and 
multidisciplinary relationships which cross the boundaries from single 
disciplines. 

The satellite principle can be characterized by three features, viz. (see 
Brouwer and Nijkamp, 1986d): \ 

(i) One module is considered as the central part of the analysis (i.e., the 
core of the model) , based on a priori knowledge or a priori assumptions 
concerning the impacts between variables. The main focus of the ana- 
lysis is oriented toward this module. All characteristics of this core 
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module which are related to the other modules are determined in the 
first step; 

(ii) All central aspects which originate from the first step are linked to 
each other, and they form the core module of the analysis? 

(iii) All other aspects of the analysis which do not refer to the core mo- 
dule, are finally linked to each other in the third step. Direct re- 
lationships may also exist between the modules which do not belong to 
the core module, and such interrelationships indicate the level of 
integration of an I EM. 

The satellite model design shares characteristics of both the horizontal and 
the vertical model approach. The hierarchical nature of the satellite model 
design in steps (i) and (ii) is the main characteristic of the vertical model 
principle. The links between variables from different modules in step (iii) 
denote the main characteristic of a horizontal model approach. 

Because of the three characteristics of the satellite model design, three 
types of relationship exist for such a model principle: 

(a) relationships between variables within a module, also called intra- 
module relationships ; 

(b) relationships between modules, also called inter-module relationships , 
which are at a more aggregated level than those of (a) and usually 
multidisciplinary in nature? 

(c) relationships focussing on the core of the analysis which are monodis- 
ciplinary in nature. 

An example of the satellite principle will be presented below, which is a 
conceptual representation of the water distribution analysis discussed in 
Section 2.4. The water distribution module is the core of the analysis and 
the main links of the model are summarized in Figure 4.5. 

All phenomena in Figure 4.5 have direct relationships with the distribution 
and transportation of water in the area. The environmental aspects, for exam- 
ple, include the analysis of water quality which may be denoted in terms of 
chloride concentrations, eutrophication or BOD-levels. 

In the satellite concept of integration for such a model, the first step 
includes the water distributional aspects which are related to the various, 
separate modules. Such relationships are monodisciplinary in nature. The 
water distribution module is the core module and regulates distribution and 
transportation of water. 

The hierarchical model structure within the satellite concept of integration. 
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such as the example in Figure 4.5, is based upon three levels, viz.: 

(i) the core level, which represents the water distribution module; 

(ii) the second level, which consists of the aspects from the core module, 
related to the other modules (environment, IJssel lakes, drinking-water 
companies, and agriculture); 

(iii) the third level, which consists of the lower level modules and their 
interrelationships • 

This section showed that the satellite principle is a useful approaph for the 
structure of a cross-disciplinary model. It is based on a modular design of 
variables and structures of the model concerned, and implies that the kernel 
of an I EM is made up by the key mechanism of a certain economic-environmental 
problem area. Having identified the key mechanism of a cross-disciplinary 
model, all other (intra-, inter- or multidisciplinary) components can be 
added as nested derivatives of processes taking place in the core. 




W = water distribution 
IJ = IJssel lakes 
DC = drinking-water companies 
A = agriculture 
E = environment 



Figure 4.5. A correlative representation of an I EM with the satellite prin- 
ciple. 

4.5. THE SPATIAL AGGREGATION LEVEL AND SPATIAL SCALE LEVEL IN REGIONAL ENVI- 
RONMENTAL MODELLING 



Spatial aspects of an I EM have already been touched upon in previous sec- 
tions. All models discussed in Chapter 2 have a spatial coverage at the re- 
gional level. Some of them are also multiregional models because they show a 
subdivision into sub-regions which may be linked to each other. The relevance 
of the spatial aspects of the model results of IEMs at the regional level 
will now be discussed. 




- 82 



In the sixties the spatial aspects in geography needed the use of mathemati- 
cal theory to be operationalized as a scientific classification procedure. 
Various classification and clustering techniques have been developed since 
that time (see also Fischer, 1980), A general definition of three basic com- 
ponents in geography - a set of places, a distance metric and a measure of 
area - was recently developed by Beguin and Thisse (1979) by making use of 
measure theoretic characteristics. However, in empirical applications of 
regional integrated environmental models a serious disadvantage of the mathe- 
matical partitioning of space is that it does not take into account 'human 
behavioural processes such as perception, learning, attitude formation and 
decision making' (Gale and Golledge, 1982, p, 60), 

In general, a classification procedure for a regional system may be based on 
four principles (see also Paelinck and Nijkamp, 1976; Rietveld, 1984), viz,: 

(i) administrative regions , which are the natural spatial unit for the cor- 
responding regional authority, and are classified from an administra- 
tive or political point of view (for example, the partitioning of the 
Netherlands into 40 so called COROP regions, or into 128 labour market 
areas ); 

(ii) homogeneous regions (also called natural or ecological regions), class- 
ified by means of any selected homogeneity principle, with a high de- 
gree of uniformity or correspondence concerning a chosen attribute (for 
example, the degree of urbanization, the population density, or the per 
capita income ) ; 

(iii) functional regions , which indicate a high degree of interdependence 
concerning two or more attributes. A functional region may, for exam- 
ple, be defined by the interaction of goods, services, capital and 
labour such as the standard metropolitan labour area (SMLA ) for region- 
al labour markets; 

(iv) nodal regions (or core regions) in which the internal economic rela- 
tionships are more intensive than the relationships with respect to 
regions outside the area, 

A region can be defined as 'a set of spatial points that are either homogen- 
eous with respect to some characterization (criterion of homogeneity) or are 
more intensively interrelated among each other than with other spatial points 
(criterion of functional dependence)' (Siebert, 1985, p. 126). 

The administrative regions have well-defined boundaries according to histor- 
ical or political phenomena, while most of the homogeneous regions do not 
have well-defined boundaries. A homogeneous region may, for example, be a wa- 
tershed, as used in natural resource inventories. 

In a systems theoretic approach to spatial aspects of an I EM, two classifica- 




- 83 



tion procedures are applied, viz. homogeneous regions determined by attri- 
butes in regions, and a functional regional classification determined by 
multiple relationships existing between regions (see also Fischer, 1978). 

A homogeneous or natural region may be characterized by, for example, geogra- 
phical, physical, climatological and economic factors, while a functional 
region may be determined by a binary relationship between attributes and 
their spatial units. A binary relationship indicates whether or not some 
characteristic (for instance, migration) exists between a pair of regions, 
which can be represented by graphs theoretical tools. 

A region can therefore be defined by means of a variety of characteristics. 
Various types of models can also be used to represent the linkage structure 
between regions and the national level, for instance, in linking regions in 
integrated environmental- economic models. A distinction can then be made 
between four types of models when the spatial structure of (multi) regional 
models will be analysed with the links between regional and national elements 
as the main point of emphasis (see also Curry, 1983 for a spatial statistical 
systems approach; Klein and Glickman, 1977 for a discussion of econometric 
model building at the regional level, and Nijkamp and*Rietveld, 1982 for an 
overview of various types of regional modelling efforts). These types of 
models are: 

a) top-down models? 

b) bottom-up models? 

c) interregional models? 

d) (inter) regional-national models. 

An example of each type of linkage structure based on three regions and the 
country level is presented in Figure 4.6. 

The four types of multiregional models are classified by functional relation- 
ships between spatial units and by relationships such as interactions of 
goods, services, capital, labour or information (Fischer, 1983). In a top- 
down approach, the national variables are the key-factors for the regional 
variables without allowing effects from regional variables on the national 
variables. A multi- regional model can be derived immediately from a national 
model in that case. An application of a multiregional model with a top-down 
approach is developed by Lundqvist (1981) for Swedish regional planning, and 
denotes the linkages between economic planning, energy planning and regional 
development planning. However, in a bott6m-up approach, the links between re- 
gional and national variables are just the other way round, because national 
variables can be derived from regional variables, e.g. national variables 
aggregated from regional variables. An interregional model is mainly charac- 
terized by its links between regions, when the interregional relations are 
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Figure 4.6(a). Top-down model 



Figure 4.6(b). Bottom-up model. 




Figure 4.6(c). Interregional model 



Figure 4.6 (d) Interregional-national 
mode 1 • 



Figure 4.6. Linkage structure of multiregional models. 

not limited by national variables. A combination of these model structures, 
with a simultaneous determination of the regional and national variables, is 
called an interregional-national model. 

The validity of nearly all applications of quantitative techniques with spa- 
tial data depend on the assumption that the spatial units are considered to 
be given a priori (see also Coombes et al., 1982 for a discussion of func- 
tional regions for the population census in Great Britain). This approach has 
often been questioned by regional modellers as a satisfactory geographical 
assumption for regional applications. The relevance of zoning systems for 
defining regions and sub-regions will therefore be discussed first. 

It is easily seen that there is a large number of different ways by which any 
study area can be subdivided and modified into non- over lapping areal units. 
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Consider for example Figure 4.7 as a spatial entity with respectively eight, 
four and two sub-regions. The selection of only one of the different ways of 
partitioning an area into subareas is also termed the Modifiable Areal Unit 
Problem. The relevance of the zoning system for the interpretation of model- 
ling results was already mentioned by the statisticians Kendall and Yule in 
1950 when they wrote that 'our correlations will accordingly measure the 
relationship between the variates for the specified units chosen for the 
work . They have no absolute validity independent of these units, but are 
relative to them. They measure, as it were, not only the variations of the 
quantities under consideration, but the properties of the unit-mesh which we 
have imposed on the system in order to measure it' (Kendall and Yule, 1950, 
p. 312). This means that the significance of statistical measures like cor- 
relation coefficients depend on the meaningfulness of the spatial units on 
which such measures are based, analogous to the dimensions in which variables 
are specified. 

The zoning system for defining regions is based on two separate but closely 
related points, viz. the selection of the scale level and the selection of 
the aggregation level (see also Openshaw and Taylor; 1979; 1981). 

The scale level is the variation in model results that may be obtained when 
increasingly larger spatial units of analysis will be selected for a set of 
areal data. However, there are also many possibilities of partitioning an 
area into a fixed number of spatial units, viz. when the scale level is de- 
fined. This is called the aggregation problem which will also affect the 
model results. The choice of both the spatial scale level and/or aggregation 
level determines the model outcomes. The aggregation problem is solved when a 
classification of subregions is determined by means of functional regions. 
The functional relations refer to multiple relationships between regions with 
a number of attributes which become a functional unit. In such a case the 
scale level still affects the model results (see Fischer, 1978). 

The information obtained from a census, for instance, may be aggregated into 
local, regional or national level. The different zoning systems, viz. selec- 
tion of the scale level and the aggregation level, provide alternative re- 
sults when quantitative measures (parameter estimates, mean values of vari- 
ables, correlation coefficients) are determined for each zone. The choice of 
the scale level is closely related to the different modelling results for 
applying the micro and macro approaches in economic analysis and the ecologi- 
cal fallacy problem in sociology (see also Langbeim and Lichtman, 1978). An 
ecological fallacy occurs when modelling results based on aggregated data are 
assumed to hold also for individual observations from the sample which form 
the zones being studied. 
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Openshaw proposed a geographically oriented algorithm of the above mentioned 
Modifiable Area Unit Problem to determine regions/sub- regions* The algorithm 
he suggested is called the Automatic Zoning Procedure and consists of a se- 
ries of steps (see also Openshaw, 1983): 

(i) selection of the scale level, viz* the number of regions required in 
the analysis; 

(ii) selection of an objective function which will be optimized (for exam- 
ple, the correlation coefficient between variables); 

(iii) a level of aggregation will be computed in an iterative procedure by 
optimization of the objective function* 

In the context of the spatial scale of models, Openshaw and Taylor (1981) 
have presented an example about the wide range of possible correlation coef- 
ficients for different scale levels and aggregation levels in the 99 counties 
of the State of Ohio* The two variables considered are the percentage of the 
county population aged 60 and over, and the percentage of the county vote 
going to the Republican presidential candidate* The correlation coefficients 
they presented for the two variables and their data set had values in the 
range between -0*999 and 0*999 when the spatial units are aggregated to 6 
zones* They claimed in their applications that 'a million or so correlation 
coefficients' could be obtained by changes in the scale level and the aggre- 
gation level* 

A small illustration of the consequence of the scale level and aggregation 
level for correlation coefficients is given in Figure 4*7* This figure shows 
a spatial entity which has been subdivided into four types of non- overlapping 
areal units. The spatial entity has eight, four and two sub- regions, respect- 
ively* The numbers in this figure denote nominal values of two variables, one 
of them between brackets* 

The correlation coefficients (r) in Figure 4*7 with values in the range be- 
tween 0*00 and 0.94 depend on the chosen scale level and aggregation level* 
The effect of the different scale levels is represented by analyses ( 1 ) to 

(3) in this figure with 8, 4 and 2 regions respectively. The difference in 
correlation coefficients for two levels of aggregation is given in (3) and 

(4) from Figure 4.7. 

Other empirical examples of the sensitivity of model outcomes in regional- 
economic applications for the scale level and aggregation level are given by 
Lohmoeller et al* (1985), on the causal influence of unemployment on votes 
for the NSDAP in Germany during the thirties for different regional aggrega- 
tions, and by Nijkamp et al. (1984), on the determinants of the regional 
distribution of the number of persons receiving disability allowances in the 
Netherlands, with the scale level varying from a county, via a province to a 
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Figure 4.7. Illustrative example of scale level and aggregation level. 
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national level. 

This section showed that the information obtained for planning, analytic or 
evaluation issues may be highly dependent of the spatial aggregation level 
and the spatial scale level. 



4.6. CONCLUDING REMARKS 



A methodological framework has been presented in this chapter to analyse 
among others, environmental, economic and demographic phenomena in an inte- 
grated way. Systems theory has shown to be a useful approach to the develop- 
ment of an IEM. 

A recently developed design of integration in a systems theoretic framework 
is the satellite design which includes the advantages of the horizontal and 
the vertical model design of integration, because (i) it includes a hierar- 
chical nature of a model with one or more modules which are the key factors 
for the analysis, and (ii) it includes the direct relationships between the 
modules which do not belong to the core module. Such a satellite design of 
integration is interpreted in three levels, with higher order levels which 
determine the nature of lower levels. The various levels within the satellite 
concept consist of the modules. 

The advantages of a systems approach in the design phase and operationali- 
zation phase of an IEM within a satellite concept of integration are: 

- the modular design of variables and model structure of an IEM which is 
analogous to a systems framework with sub-systems? 

- the hierarchical representation of modules representing the key phenomena 
in terms of three levels; 

- the cross-disciplinary relationships of an IEM which are analogous to the 
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integrative nature of sub-systems in a general theory of systems. 

The design and framework of integration to operationalize an I EM has been 
presented up to now with a systems approach as a methodological tool* Some 
mathematical and econometric tools which are relevant to operationalize an 
IEM will be discussed in the next chapter* 
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CHAPTER 5. STATISTICAL AMD ECONOMETRIC TOOLS TO OPERATIONALIZE AN INTEGRATED 
ENVIRONMENTAL MODEL 

5.1. INTRODUCTION 

A systematic approach to the design and framework of integration of an IEM 
was presented in Chapter 4 in terms of systems analysis. A system was assumed 
to consist of a set of interdependent elements which form a unified whole. A 
satellite concept of integration was then discussed in Section 4.4 in order 
to operationalize the mutual dependence between various modules within the 
framework of a systems approach. 

However, a wide variety of aspects still remain for the operationalization of 
an IEM. Their specific relevance will be discussed in this chapter within the 
framework of integrated environmental studies (see also Brouwer et al., 1985 
for a presentation of issues in IEMs with a systems approach) • One of the 
conclusions from the discussion of the IEMs in Chapter 2 and their evaluation 
in Chapter 3 concerned the availability of information: information is often 
not known with sufficient precision for some models, either because the data 
are of poor quality, or because no sampled data are available for the impacts 
between variables. This situation holds particularly true for environmental 
models (see also Fedra, 1983 for the modelling of environmental systems under 
uncertainty) • A set of mathematical tools are therefore discussed in this 
chapter that deal with binary or qualitative approaches concerning the analy- 
sis of the impacts between variables, as well as some tools dealing with the 
analysis of models which include variables measured at a qualitative (nomi- 
nal, discrete, ordinal) or a quantitative scale. 

Three aspects in particular will be discussed in this chapter, viz. (i) a 
causal structural analysis of systems models with binary and qualitative in- 
formation with respect to the stimulus-respons relationships, (ii) an inte- 
grated statistical approach for information measured at either a qualitative 
or a quantitative scale, and (iii) a multivariate analysis to extract cardi- 
nal information from qualitative data. 

In various environmental modelling efforts we are facing situations in which 
the qualitative structure of systems models have to be analysed, because no 
sampled data are available or because the information concerning variables 
is of poor quality. Some recent developments in the field of structure anal- 
ysis with binary or qualitative information are therefore presented in Sec- 
tion 5.2, which make use of graph theory and qualitative calculus with di- 
rected graphs and signed directed graphs. These approaches deal with the 
analysis of the impacts between variables when they are represented by binary 




or qualitative levels of measurement. 

Another topic mentioned in Chapter 2 focussed attention upon the coordination 
problems of integrating economic and environmental phenomena, and dealt with 
different ways of data gathering and the different levels of measurement of 
variables in natural sciences and social sciences (see, among others, a dis- 
cussion of the different data sources in the natural sciences and the social 
sciences in Section 2*15). Means of information gathering may vary from con- 
trolled experiments in natural science to survey sampling in the social 
sciences. The corresponding levels of measurement vary from a cardinal (or 
metric) scale in natural sciences to a nominal and ordinal (or non-metric) 
scale in social sciences. An inspection of the various levels of measurement 
is also relevant in the framework of the operationalization of an I EM because 
it may be based on the integration of natural and social processes. Four 
kinds of measurement scales may be distinguished (in accordance with Adelman 
and Morris, 1974? Lammerts van Bueren, 1982; Nijkamp, 1984b), viz.s 

(1) the nominal scale with a set of objects, attributes or properties from 
deserved variables which have been classified into distinct groups, or 
into distinct size classes, without restrictions on the numerical repre- 
sentations ? 

(2) the ordinal scale which meets the requirement for the nominal scale with 
an additional requirement that a logical ordering of magnitude exists of 
the events or effects measured. The variables deal with a hierarchical 
nature, and can be ranked from 'low 1 to 'high* with numbers (1,2,3,...). 
The difference between two ordinal figures has no numerical interpreta- 
tion; 

(3) the interval scale which meets the requirements for the ordinal scale and 
also allows determination of relative Euclidean distances between figur- 
es. The figures do not have an absolute meaning; 

(4) the cardinal scale (or ratio scale) with an absolute numerical interpre- 
tation, which can be represented in a metric system. 

A qualitative scale can be either nominal or ordinal, and a quantitative 
scale can be either interval or ratio. The four levels of measurement men- 
tioned here form a hierarchical system, because higher order variables in- 
clude all the properties of the variables measured at a lower level. 

In this context, an integrated family of statistical models, called genera- 
lized linear models, is presented in Section 5.3 for linear models with va- 
riables measured at either a qualitative (or non-metric) or a quantitative 
(or metric) scale. 

Finally, the information in systems with economic and environmental phenome- 
na, which are analysed simultaneously will also be multivariate in nature. 
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Scaling methods for different levels of measurement (nominal or ordinal) are 
often used to identify a certain structure from an I EM system. Phenomena are 
multivariate in nature because various components (e.g., regions) can be 
characterized by various items (demographic development, infrastructural fa- 
cilities, environmental structure etc.). Multidimensional procedures are then 
employed in order to assign numbers to each item. Scaling procedures reflect 
relationships among the various items, and two scaling procedures are pre- 
sented in Section 5.4, viz. multidimensional scaling (MDS) (also called ordi- 
nal geometric scaling) for ordinal information, and homogeneity scaling by 
alternating least squares (HOMALS) for nominal information. The techniques 
aim at extracting cardinal information from qualitative data and have origi- 
nally been developed mainly for use in psychometrics. 

The mathematical and statistical approaches discussed in this chapter will be 
used in the chapters 6 and 7 in case of an I EM with a satellite concept of 
integration. This chapter will therefore be concluded with a discussion of 
the relevance of the statistical and econometric tools from Sections 5.2 to 
5.4 and the spatial aspects discussed in Section 4.5, in the framework of the 
satellite concept of an I EM. This will be presented in Section 5.5. 

5.2. SYSTEMS WITH BINARY, QUALITATIVE OR QUANTITATIVE INFORMATION 

5.2.1. Introduction 

The discussion of various IEMs in Chapter 2 showed that the data source for 
such models may be different in nature or even being unreliable, because of 
the different sources of information (surveys, national and regional census- 
es, expert judgments, etc. ) , or because of imprecise knowledge concerning im- 
pacts, or because of absence of quantified information. Table 3.1 in Chapter 
3 concerning an evaluation of IEMs mentioned that the availability of inform- 
ation causes problems in various modules, which vary from the poor quality of 
information to the absence of information. 

In this section some methodological tools will be discussed with respect to 
integrated models with a complex structure for the interpretation of the cau- 
sal structure, when only limited information is available concerning the 
impacts between variables. Complexity is interpreted here in terms of the 
number of relationships within a model, i.e., it is a property of a model. 
The limited information of the parameters considered here is either binary 
(or zero/one) or qualitative (positive/negative impacts) in nature? the prop- 
erties derived only depend on the causal model structure with its stimulus- 
response relationships, and on the qualitative information concerning impact 
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parameters • 

In terms of the interpretation and analysis of the causal structure of a 

model, the following measurement levels may be distinguished: 

( 1 ) A binary relationship , which indicates whether or not a certain variable 
has an impact on another variable. The binary relationship is denoted by 
zero/one information. A zero impact denotes then absence of an a priori 
relationship between two variables. The binary relationships denote the 
causal model structure. Graph-theoretical approaches are a useful tool to 
analyse the causal structure of models. A graph serves to represent a 
system of stimulus- response dependencies or a system of causal relation- 
ships. The binary relationship is based on a priori information or an a 
priori hypothesis concerning the causal model structure. This graph- theo- 
retical approach concerning a binary relationship will be discussed in 
subsection 5.2.2; 

(2) A qualitative relationship is a binary relationship with additional in- 
formation on the signs of the impacts. In other words, only qualitative 
information about the directional relationships between variables in a 
model - represented by a positive ( + ) , a negative (-) or a zero (0) im- 
pact - is available without quantitative information about the numerical 
values of the parameters. The so-called sign- solvability analysis of 
qualitative relationships, to solve a set of linear equations in a quali- 
tative way, will be discussed in subsection 5.2.3. This sign- solvability 
approach belongs to qualitative calculus; 

(3) A quantitative relationship with respect to the stimulus- response rela- 
tionships. Path analysis may be employed when the causal relationships 
between variables are quantified by path coefficients, and is based on an 
ordinary least squares estimation procedure to estimate model parameters. 
The direct and indirect relationships between variables in a causal model 
with path analysis are discussed in subsection 5.2.4. 

There are three main reasons for the treatment of binary and qualitative 

information concerning the impacts between variables in models, viz.: 

- "Ordinarily, the economist is not in the position of having exact quanti- 
tative knowledge of the partial derivatives of his equilibrium conditions" 
(Samuelson, 1947, p. 26), because of the limited amount of suitable quanti- 
tative data; 

- The empirical a priori information, depicted in qualitative terms, on the 
coefficients in a simultaneous equation system only allows to predict the 
effects in qualitative terms from the relevant structural system parameters 
(Lancaster, 1962); 



- Difficulties which may arise in empirical practice to obtain precise* or 
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exactly quantified information because of measurement problems to get the 
high-level information, lack of time or simply lack of money to collect the 
relevant data of system parameters (Nijkamp et al., 1985). 

In the next three subsections the problems inherent in binary, qualitative 
and quantitative information will successively be dealt with* 

5.2.2. Interpretation of systems with binary information 

The interdependencies and hierarchical nature of the causal structure of 
systems will be discussed in this section by means of graph- theoretic ap- 
proaches. The development of this approach is necessary because of the in- 
crease in size and mutual dependency of models including (regional) economic, 
demographic, and environmental aspects. The properties which may be derived 
from a graph do not depend on a particular normalization rule because the 
graph only provides information on whether or not impacts between variables 
are included. 

Forrester (1971), for example, developed a complex world-dynamic simulation 
model with a large number of interconnected variables. Five major state mod- 
ules were defined in the model, viz. non- agricultural investment, population, 
natural resources, pollution and agricultural investment. The large number of 
interconnected variables demonstrates the relevance of a systematic analysis 
of the impacts between variables. 

Consider a model which consists of I explicit relations specified as 

Yi * 9i(Y/Z)# i * 1# • (5.1) 
where y is a vector of endogenous variables of order Ixl, and z is a vector 
of exogenous variables of order J x 1 • The structural relationships g^ ( i = 
1 , . . • , I ) characterize the linkages between the endogenous variables y and 
the exogenous variables z, and specify the endogenous variables y^. The 
causal model representation is identified by the structural relationships, 
and the set of endogenous variables y and exogenous variables z. The rela- 
tions g^ can be linear or non-linear in nature. The information about the 
model structure can be expressed by a directed graph (or shortly, digraph) 6. 
A graph is in general terms identified by a set of vertices V * (Vj,..,^) 
and a set of edges E, with E * (E 1 ,..,E N ). Any directed graph G is defined 
by the elements from V and E and G = (V,E) with the set of edges which are 
now directed in nature. The set of vertices V - defining a graphical repre- 
sentation of equation (5.1) - consists of the union of the endogenous varia- 
bles y and the exogenous variables z. The total number of vertices M there- 
fore equals the sum of the number of endogenous variables I, and the number 
of exogenous variables J (i.e., M = I+J). The set E consists of the edges 
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which represent the links between the variables y and z. The digraph G is a 
finite, non-empty, ir reflexive and binary relationship corresponding to the 
set o£ vertices and the set of edges (see also Roberts, 1978) • Such a graph 
can be visualized in a figure (see e.g. Figure 5.1). The information about 
the structure of parameters in terms of graphs can also be expressed analo- 
gously in matrix terms (Tinkler, 1977), when denoted by means of an adjacency 
matrix A with elements a^j (i,j *1,..,M). The elements from the matrix A 
are defined by: 

f 1,if an edge exists from vertex j into vertex i (i,j « 1, •••, M) 

& i j , if otherwise • 

A non-zero derivative 3gj/3yj from (5.1) indicates the existence of a 
causal link from variable yj to the endogenous variable y^. The corres- 
ponding cell-element in the adjacent matrix is equal to one. A non-zero deri- 
vative dgj/dz^ from (5.1) indicates the existence of a causal link pro- 
ceeding from variable z^ to the endogenous variable y^, which again cor- 
responds to a cell-element in the matrix A equal to one. 

A path of length n between each pair of variables is denoted in an analytical 
way by A n (n > 1). Thus, when some cell-element ( i, j ) of A n is unequal to 
zero, a vertex v^ can be reached from Vj by at least one path in graph G 
in n steps. The cell-elements (i,j) from A n denote the total number of 
paths which exist from vertices Vj into v^. 

A group of vertices within a directed graph is also called a strong component 
when direct or indirect links exist between all pairs of vertices which be- 
long to the same group, and it is therefore called a maximally connected 
subgraph. The strong components are the basic elements for analysing model 
interdependencies because they denote the separate blocks with variables 
which are mutually dependent within a larger model. A set of vertices which 
is called a strong component is strongly connected; a strong component is 
also called a block (i.e., a maximum set of interdependent variables). 

A reduced graph can then be defined in order to denote the causal links be- 
tween blocks. The recursive properties can be derived from the reduced graph 
in order to establish a hierarchy among the blocks and to determine whether 
separate submodels exist. A reduced graph is defined in such a way that it 
does not contain any cycle (i.e., a path going from v^ to v^ in a number 
of steps) and consists of a unique set of arcs which define all paths (all 
possible direct and indirect links between points x^ and x j ) • See also 
Ganin and Solomatin (1984); Garbely and Gilli (1984); Gilli (1984) and Gilli 
and Rossier (1981) for a technical discussion of the interpretation of com- 
plex systems by means of the hierarchical order form. 
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In order to illustrate these basic concepts, consider* a three equation Keyne- 
sian economic model with the following explicit relationships: 

C - gi (Y,i,T) 

I - g 2 (Y,i) 

Y * C + I, 

with endogenous variables consumption (C), investments (I) and national in- 
come (Y), and exogenous variables interest rate (i) and taxes (T). The causal 
structure can be denoted in graph terms like in Figure 5.1(a) (Gilli, 1984). 
The graph G which is defined by the pair (V,E) , consists of a set of vertices 
V * (C,Y,I,i,T) and a set of edges E with digraphs ((i,C), (1,1), (C,Y), 
(Y,C) , (Y,I), (I,Y), (T,C) ) . The graph G has one strong component with the 
elements C, I and Y. The reduced graph G r , which is derived from G by means 
of exclusion of all cycles, is depicted in Figure 5.1(b). The adjacency ma- 



G r i »(C,I,Y)4 T 



Figure 5.1(b) Reduced graph of the 
three equation model. 



G - (V, 




Figure 5.1(a) Graph of the three 
equation model. 



trix A(G) is an analytical equivalent to the graph representation and be- 
comes : 
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The links between variables, or the causal relationships in a graph can be 
subdivided into three groups, viz. a direct causal link (or arc) between 
points i and j, an indirect causal link (or path) from point i to point j and 
an interdependent causal link (or cycle) from point i back to point i. The 
set of all interdependent variables which are related to some vertex i is 
called a strong component. The strong component of the graph G*(V,E) in Fig- 
ure 5.1 (a) is the set (C,I,Y). The reduced graph in Figure 5.1(b) consists 
of the causal links between blocks of variables, and is derived from the 
graph by combination with the strong component. 

The recursive causal model structure is represented by the reduced graph in 
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Figure 5. 1(b). The corresponding adjacency matrix A(G r ) is depicted above* 
The reduced graph shows that the endogenous variables are mutually dependent 
in this example, because they form a strong component • 

The main advantage of the graph representation of a model is the determina- 
tion of model dependencies, i.e. , the interdependent blocks of the model and 
the hierarchical ordering of the variables in a linear model* Such a hierar- 
chical ordering will be used in the next section for the recursive procedure 
to solve a model with qualitative information* 

This section indicated that metric information on the impacts between varia- 
bles is not always necessary to draw reliable conclusions concerning certain 
variables or policy aspects* Graph theory may provide a practical tool for 
determining, for example, the degree of interwovenness of systems, their hie- 
rarchical ordering and causality, as well as the key driving forces* 

5.2.3* Interpretation of systems with qualitative information 

In recent years the analysis of qualitative relations has become an increas- 
ingly important tool in impact analysis of policy modelling because of a 
renewed interest in qualitative calculus* The analysis of qualitative rela- 
tions in economic models has been originated by Samuelson already in 1947 in 
order to examine - in a comparative static context - the effect on an equili- 
brium situation when the levels in one or more of the exogenous variables are 
changed* Consider the functional relationships of the forms 

fj_ (y^, •••# Yn' •••# = 0 #1*1# •••# n (5*2) 

with respect to n endogenous variables y^ (i *= 1, ••*, n) and m exogenous 
variables (k = 1, ••*, m) • 

The change in the equilibrium values of the variables y^ are determined by 

changes in one or more of the variables yj and z^ and it can be obtained 

by differentiating the equilibrium system totally which gives: 

3f . 3f, 

n i mi 

l dy . + J dz = 0. (5*3) 

j - 1 3 yj 3 k = 1 3z k 

Samuelson posed the problem of equilibrium analysis in a qualitative manner 
because his analysis was only based on knowledge of the signs of the partial 
derivatives from a system like in (5*3)* This set of equations can be rewrit- 
ten in matrix notation as 

Ay + b * 0, (5*4) 

with A a matrix of order n x n with elements a^j (i, j - 1, ••*, n) which 
are equal to dfj/3yj ; b a vector of order n x 1 with elements b^ 
equal to 
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I 

k 



3f . 



3z, 



dz 



k* 



Given the assumption that matrix A is non- singular, the solution of equation 
(5*4) is given by: 



y * - A -1 b 



(5.5) 



The analysis mentioned above - to obtain solution (5.5) from (5.4) - is cal- 
led qualitative calculus if the relationships between variables are only 
represented in a qualitative way, i.e. when information about the sign of the 
impact on some response (or endogenous) variable is obtained from prior know- 
ledge concerning the signs of the structural parameters in a model. In such 
cases, only qualitative information about the directional relationships be- 
tween variables in a model - represented by a positive (+), negative (-) or 
zero (0) impact - is used without quantitative information about the nume- 
rical values of the parameters • A zero impact denotes then absence of an a 
priori theoretical relationship between a pair of variables, and is then 
analogous to a zero value of the binary relationship discussed in Section 
5.2.2. 

The rationale to apply a qualitative approach is that in many situations - 
particularly in complex multidisciplinary systems - the data base for (poli- 
cy) impact analysis is unsatisfactory in order to estimate the impact parame- 
ters in an adequate way (for instance, due to lack of appropriate time- se- 
ries) • Especially in the case of uncertain or dynamic behaviour of a complex 
system, various fluctuations may occur which reflect occasional asymmetric 
behaviour during different time phases (for instance upswing and downswing 
phases in situations with structural changes), so that precise numerical 
values of impact parameters are unknown. An appropriate way of dealing with a 
weak database is qualitative calculus. Qualitative methodological tools may 
be used to 'quantify' the impact of policy instruments in terms of positive, 
negative or zero 'values' • 

The step from equation (5.4) to (5.5) is called sign-solvability analysis , 
and that approach is a main stream in the field of qualitative calculus. The 
solution (5.5) from the set of linear equations in (5.4) is called sign- solv- 
able when the cell-entries of the solution y ^-A'^b (with vector- elements 
either +, - or 0) are defined in a unique way, provided both matrix A and 
vector b contain qualitative information concerning impact levels between 
variables • 

Full sign- solvability of equation (5.4) denoted in terms of (5.5), holds, if 
and only if both the inverse of matrix A as well as the inverse of A multi- 
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plied with vector b are determined uniquely* Fortunately there is a number of 
matrix operations which are relevant in empirical situations for the analysis 
of the conditions of sign- solvability because they do not affect the analysis 
of signr-solvability (see also Lancaster, 1962), viz*: 

(i) permutation of any two rows of both matrix A and vector b* This opera- 
tion only changes the order in which the equations are written; 

(ii) permutation of any two columns from matrix A* This operation only chan- 
ges the order of the variables; 

(iii) reversal of all signs in any row of both A and b* This operation multi- 
plies both sides of an equation with a factor -1; 

(iv) reversal of all signs in any column of matrix A* This operation mul- 
tiplies a variable by -1* 

These matrix operations may simplify the analysis of sign- solvability, which 
will be shown below when the conditions of sign- solvability are discussed* 
The row and column manipulations (i), (ii) and (iii) can be carried out wit- 
hout affecting the solution in (5*5), and the final operation implies the 
sign reversal from that particular variable* 

Necessary and sufficient conditions for full sign- solvability of equation 
(5*4), with matrix A considered to be non- singular, have been formulated by 
Bassett et al*, (1968)* The conditions make use of graph- theoretic methods, 
with impacts between variables denoted by signed digraphs (directed graphs 
with either a positive or a negative sign), and are: 

(a) the diagonal elements of the matrix A are all negative, i*e* a^ <0 
for all i = 1, ••*, n; 

(b) all cycles in the matrix A with length at least two need to be non-posi- 
tive; 

(c) b < 0: the elements of vector b need to be nonrpositive ; 

(d) if some b^ < 0, then every path from vertex k to vertex i is non- posi- 
tive for i * k* 

The row and column operations (i) to (iv) are useful for the investigation of 
the conditions of sign- solvability, because the first condition of sign- solv- 
ability can be met after one or more row or column permutations and sign re- 
versals • 

Conditions (a) and (b) of sign- solvability are necessary and sufficient to 
determine the inverse of the matrix A in a unique way, while the inclusion of 
the other conditions guarantees a unique sign of the cell-entries from A“*b* 
The conditions of sign- solvability are now discussed using the following 
illustration* Consider the analytical representation from a set of four line- 
ar equations with qualitative information about the impacts between varia- 
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bles: 



- + - 0 




y l 




0 




0 


- - 0 0 




*2 




- 




0 


0 0 - + 




y 3 


+ 


0 


= 


0 


0 0 - - 




y 4 




0 




0 



The impacts between variables from this system are represented in an equiva- 
lent way in Figure 5.2 by means of signed digraphs of (A,b). 




Figure 5.2. A graph representation of a qualitative model. 



All main diagonal elements from matrix A are negative, and the first condi- 
tion of sign- solvability holds. The length of a cycle represents the number 
of terms which appear in the cycle. Thus, the graph in Figure 5.2 has two 
cycles with length at least two, viz. yj-y^yj and YyYifYy Both cycles with 
length two are negative, so that the second condition of sign- solvability 
also holds. The elements of vector b are non- positive, because vertex b 2 has 
an outgoing edge which is negative in sign. The path b 2*^ 2*^1 is negative in 
sign and the final condition of sign- solvability therefore also holds in 
Figure 5.2. Thus, all conditions for sign- solvability hold in this example 
and the solution in equation (5.5) now becomes: 



y l 




- 


+ 


- 0 


-1 


0 




- 


- + + 




0 




- 


y 2 




- 


- 


0 0 




+ 




+ 


— 




+ 




- 


y 3 


* 


0 


0 


- + 




0 


« 


0 


0 




0 


= 


0 


y 4 




0 


0 






0 




0 


0 + - 




0 




0 



The changes in the variables y^ and y 2 thus become negative, while the other 
two variables do not change from their equilibrium position, given the model 
structure represented by matrix A and the signs of the exogenous variable in 
vector b. 

The sign- solvability approach can be interpreted as a kind of overall sensi- 
tivity analysis in the following way. If it is possible that equation (5.4) 
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can be solved for y in a unique way with a vector of signs as the solution, 
the solution will, up to their signs, hold for all possible cardinal values 
of the matrix A and vector b. 

The main developments In the field of sign- solvability analysis took place In 
mathematics (see also Greenberg and Maybee, 1981, which presented the results 
of a symposium on Computer Assisted Analysis and Model Simplification held In 
1980, and a review paper on recent developments In the field of sign-solvabi- 
lity analysis by Maybee and Voogd, 1984), economics (see among others. Lady, 
1983; Rltschard, 1983) and ecology (see also Brouwer and Nijkamp, 1985, as 
well as Jeffries, 1974, for a discussion of asymptotic stability of a set of 
linear differential equations with qualitative Information by making use of 
signed directed graphs) • Asymptotic stability with qualitative information on 

a set of linear differential equations ■ Ay can also be interpreted in 

dt 

terms of graph theory, viz* in a way analogous to sign- solvability in (5*4)* 
Asymptotic stability of linear differential equations with qualitative infor- 
mation concerning the impacts between species also belongs to the analysis of 
qualitative relations* 

The conditions for sign- solvability discussed above originate from mathema- 
tics* They have - in the framework of economic modelling - been further exa- 
mined inter alia for the well known national model of the USA developed by 
Klein (see also Brouwer and Nljkamp, 1986c)* The latter exercise demonstrated 
that sign- solvability did not even hold for such a small dynamic national 
economic model with six equations* Consequently it may be expected that other 
usually larger models with qualitative information will not provide more sa- 
tisfactory results* 

A disadvantage of sign- solvability analysis with pure qualitative information 
is that the four conditions for sign- solvability are very severe* However, 
the inclusion of additional tools to sign- solvability analysis may give a 
more useful methodology for a qualitative approach in empirical applications* 
Some adjusted tools of qualitative approaches and recently developed research 
directions will therefore be discussed in this section, with a particular 
view to the use of the sign- solvability approach in policy modelling based 
inter alia on integrated environmental models (see also Brouwer and Nijkamp, 
1986e) , viz.s 

(i) the use of matrix decomposition and matrix permutation procedures; 

(ii) the use of plausible parameter restrictions which may be inferred on 
theoretical grounds, or on a priori knowledge; 

(iii) the use of a stepwise procedure to include parameter values from one or 
more equations which are based on a priori information* This stepwise 
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procedure makes a distinction between a so-called top-down and a bottom- 
up approach; 

(iv) the use of recently developed computer algorithms for the analysis of 
qualitative linear systems. 

First, a number of matrix permutation procedures and matrix decomposition 
procedures may be used for the analysis of sign- solvability* Such matrix 
procedures imply a resettlement of variables and equations, and it will give 
a hierarchical model representation* Reducibility of matrices is an essential 
characteristic in the case of matrix permutation procedures (Maybee, 1981)* A 
matrix A is called reducible when a permutation matrix P exists, in order to 
reverse rows and columns of the matrix A, so that A will be transformed into 
A* with: 

A U 0 

A* = ^21 ^22 ' 



where both matrices Aj ^ and A 22 are square matrices, and 0 is a zero-matrix* 
The transformation of A into A* is obtained by: 



A* * PA P T , 



(5.6) 



with P a permutation matrix to reverse rows and columns from matrix A into 
matrix A** When matrix A is reducible, the matrix can be decomposed in the 
sub-matrices from matrix A*, while next the sign- solvability approach can be 
dealt with in two steps, because (5*4) can be rewritten as a recursive sys- 
tem: 




or: 

Aj j y^ * — bj (5*8) 

A 2 i Yj **■ A 2 2 Y 2 ** “^2* 

The necessary and sufficient conditions of sign- solvability of the vector y ^ 
can be analysed independently from vector y 2 * The linear model in (5*7) is a 
hierarchical form of the equivalent model in (5*4), and in such hierarchical 
cases sign- solvability can be investigated for only the first part of model 
(5.7)* Vector y\ n*Y thus be sign- solvable irrespective of whether vector y 2 
is sign- solvable* The variables are ordered hierarchically in (5*7), and the 
model can then be solved recursively by starting with the elements from vec- 
tor y x * 
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The second extension of sign- solvability concerns the use of plausible infor- 
mation on parameter values * Such plausible information is based on logical, 
empirical or theoretical evidence and may also be an important research stra- 
tegy in qualitative analysis* An originally not sign-solvable system may be- 
come sign- solvable when plausible information is introduced* An example of 
such plausible information in national- economic models is the share of con- 
sumption in national income which is not only positive in sign but should 
also have plausible values in the range between zero and one* Such plausible 
quasi-quantitative information may lead to sign- solvable systems which are 
not sign- solvable when only purely qualitative information was used* One of 
the major problems in practical applications with purely qualitative informa- 
tion is caused by the severe restrictions inherent in identifying unambiguous 
solutions for sign- solvability* In this regard, additional a priori informa- 
tion may lead to at least partial sign- solvable systems which are otherwise 
not solvable in a purely qualitative sense (see also Brouwer and Nijkamp, 
1986e for a discussion of sign- solvability analysis applied to a dynamic 
simulation model of urban decline which makes use of a mixture of qualitative 
and quantitative information concerning impact parameters)* 

The third extension deals with the use of a mixture of qualitative and quan- 
titative information which may be distinguished into a top-down and a bottom- 
up approach . Both approaches are stepwise procedures to insure that a quali- 
tative system will become sign- solvable in a number of steps by a sequential 
introduction of numerical information on parameter values* The top- down 
approach (also called forward selection) implies that all equations are as- 
sumed to be represented in qualitative terms in the first step, so that we 
then may identify which and how many equations have to be estimated in a 
quantitative way (i*e*, how many plausible parameter restrictions are neces- 
sarily to be included), in order to make a set of equations sign-solvable* 

The bottom-up approach (also called backward elimination ) starts with a com- 
pletely estimated model and attempts then to identify which and how many 
equations may be specified in qualitative terms in order to still guarantee 
8 ign- solvability* A main advantage of both approaches is that complex inte- 
grated models may become sign- solvable when a mixture of qualitative and 
quantitative information is used and the precision of the quantitative infor- 
mation on some parameters is doubted* The top-down/bottom-up approach may 
also make use of plausible information on parameter values* 

Finally, a FORTRAN computer program has been developed at the University of 
Geneva by Rits chard and Gilli to solve qualitative linear systems by means of 
a block recursive decomposition procedure (see also Gilli, 1984 and Rit- 
schard, 1980)* The hierarchical representation of a linear set of equations 
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in (5.4) , which has then to be solved recursively equation by equation, may 
however become problematic for computational reasons, especially in case of 
complex dynamic simulation models* 

The conclusion can be drawn from the above that a qualitative approach to 
integrated environmental modelling is a useful mathematical tool to under- 
stand the global functioning and coherence of a model (Royer and Ritschard, 
1984) • A qualitative approach concerning the impacts between variables is a 
useful approach in integrated environmental analyses when the data are of 
poor quality or when no sampled data are available at all* The sign- solvabi- 
lity approach determines the change in qualitative terms in the response 
variable due to changes in the stimulus variables* The sign- solvability ap- 
proach may be extremely relevant, as this method may be able to predict the 
qualitative (sign) impact of an exogenous change, even if reliable cardinal 
information about impact coefficients is not available* This qualitative 
approach may be an appropriate complementary tool to conventional econometric 
estimation techniques and simulation procedures* 

The use of sign- solvability analysis for urban systems models was presented 
by Brouwer and Nijkamp, 1986e, by means of a dynamic simulation model of 
urban decline for The Hague in the Netherlands* Parameter estimation and 
model validation was problematic because of the a- symmetric pattern of urban 
evolution and the lack of appropriate, reliable quantitative information* 
Given the insufficiently reliable data base for estimating the model in a 
conventional way, qualitative calculus was used for a linear difference equa- 
tions model in order to infer conclusions regarding the direction of impacts 
of policy variables* 

5*2*4* Interpretation of causal systems with quantitative Information 

The model structure of systems was analysed in subsections 5*2*2 and 5*2*3 by 
making use of only binary or qualitative information and of graph- theoretic 
tools* The model structure was represented by directed graphs and signed 
directed graphs successively* Causal systems, which are essentially based on 
multiple regression analysis when variables are measured on an interval or 
ratio scale and with an additional assumption on causal relationships between 
the independent and dependent variables, will be interpreted now for quanti- 
tative information by means of path analysis * Causal processes are reflected 
by an arrow diagram and may facilitate a more clear statement of hypotheses 
concerning the presence or absence of the linkages between variables* A caus- 
al model is defined as a system of considerations about cause- and- effect- re- 
lationships* The analysis of binary relations (in Section 5*2*2) and the 
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analysis of qualitative relations (in Section 5. 2. 3) both explicitly repre- 
sent the type and direction of the causal relationship between variables. 
However, the causal model structure itself will be discussed in this section 
by means of path analysis. Path analysis represents an extended approach of 
causal modelling, as it estimates the magnitude of the linkages between vari- 
ables, rather than focusing upon their presence or absence. An overview of 
structural equations models with applications in the field of. human geography 
is presented by Cadwallader (1986). The standardized partial regression coef- 
ficients can be interpreted as direct effects. A standardized regression 
coefficient is obtained when each variable is considered to have a zero mean 
and standard deviation of one (see also Duncan, 1971 for a discussion of path 
analysis as linear causal models) • If a cause-and-effect or a stimulus- res- 
ponse relationship is considered, then a significant parameter is interpreted 
as the main effect. The basic elements of path analysis are now discussed by 
means of an example presented in Figure 5.3. 




Figure 5.3. A path- diagram. 

The variable at the head of one or more arrows is considered to be a function 
of those variables at the tails of the same arrows. Variable Xj in Figure 5.3 
for example, is interpreted as being a linear additive function of the varia- 
bles X 2 to Xg. The variables X§ and Xg in Figure 5.3 are considered to be 
exogenous in nature. The path coefficients p^j denote the path from 
variable Xj to variable X i# 

The model which corresponds to the path-digram in Figure 5.3 becomes: 
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X 1 “ Pl2 x 2 + Pl3 x 3 + Pl4 x 4 + Pl5 x 5 + Pl6 x 6 + Pi E 1 

X 2 * P 23 X 3 + p 21f X 4 + p 2 E 2 (5.9) 

x 3 * P 35 x 5 + P 36 x 6 + P3 e 3 

X 4 * p 46 X 6 + p 4 E 4 

The path coefficients p^j are estimated with a least squares estimation 
procedure, and are the standardized regression coefficients. The path coeffi- 
cients in the first equation from (5.9) for example, are obtained by regress- 
ion of X-j, from X 2 to Xg. If rJ is defined to be proportion of* variance 
from X} , then the square root of 1 -R^ gives the value from the 'error* 
variable. The following assumptions are made to use the ordinary least squar- 
es regression procedure (see also Macdonald, 1977): 

( 1 ) a correct specification of the causal relationships between variables 
which also includes the assumption of linear additive relationships. The 
condition of linear additivity means that a unit change of variable X 2 in 
equation (5.9) has the same effect on variable x 1# irrespective of the 
value of X 2 ; 

(2) independence of the error terms Ei from th^ causal variables Xj. The 
error terms are also uncorrelated because of the assumed linear additivi- 
ty? 

(3) homoscedasticity (or constant variance) of the error terms; 

(4) the variables are measured at the interval or ratio level of measure- 
ment. 

The influence between two variables can be subdivided into direct effects and 
indirect effects . Consider for example the effect between the variables X 1 
and Xg • The direct effect is equal to p^. However, indirect effects also 
exist between these two variables, viz. with variable X 3 as intermediate 
variable (a path exists X 5 *► X 3 Xj and a path exists X 5 + X 3 +X 2 -► Xj) . The 
sum total of indirect effects is equal to P 35 P 13 + P35P23P12* 

Applications of path analysis with variables measured on a nominal scale and 
information obtained from survey samples are presented by Asher (1983) con- 
cerning the transmission of party identification across generations; by Hall 
and Taylor (1983) concerning the attitudes toward mental health facilities; 
by Leitner and WohlschlSgl (1980) concerning satisfaction from recreationers ; 
by Leitner et al. (1985) concerning the factors which influence spatial seg- 
regation, structural integration and behavioral assimilation of migrant wor- 
kers in Vienna, and by Takeuchi et al., (1982) concerning the intervening 
role of mass media exposure for predicting family planning knowledge. 

The statistical significance of any path coefficient in an equation may be 
tested by means of a two-sided test- statistic which follows a student- distri- 
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button (the parameter estimate related to the corresponding standard error 
has asymptotically a student- distribution, with degrees of freedom equal to 
n-p-1, with n the number of observations and p the number of parameters in an 
equation) • The statistical significance of two or more path coefficients can 
be tested with a test- statistic which has a Fisher-distribution* If we define 
RSS U and RSS r as the sum of squared residuals of the unrestricted model 
and the restricted model respectively, n as the number of observations, p as 
the number of parameters in the unrestricted model and k the number of para- 
meter restrictions (for example, the number of parameters considered to be 
equal to zero), the test-statistic becomes: 



(RSS - RSS ) /k 
r u 



RSS 



u / (n-p-1) 



(5.10) 



with an F-distribution with (k, n-p-1) degrees of freedom* 



5.3. STATISTICAL MODELS WITH QUALITATIVE AND QUANTITATIVE DATA 



5.3.1. Introduction 



Traditionally the statistical modelling approaches in geographic, regional- 
economic, environmental and transportation analysis, for example, show metric 
or quantitative data measured at the interval or ratio level. Examples of 
frequently used approaches are regional and interregional input-output analy- 
sis, cost- benefit analysis, multi-objective decision modelling, spatial equi- 
librium analysis, etc. This research tradition with a major emphasis on high- 
quality information followed the standard practice in natural science where 
information is collected under well defined conditions from controlled exper- 
iments. Interval and ratio scales and roughly normal distributions seemed to 
be the rule rather than the exception. Unfortunately, this tradition too 
often ignores the realities of regional- economic, social and ecological re- 
search where the information available for statistical modelling purposes 
will frequently have been obtained from other sources, such as expert judge- 
ments, survey-sampling or panel- studies, and will frequently be non-metric 
(qualitative, discrete or categorical) in nature. 'Measurement of properties 
of human behaviour poses many problems such as instability, bias by reactivi- 
ty, inherent discreteness and sometimes nominal or ordinal measurement level' 
(Molenaar, 1985, p. 171). Adequate methodological tools for dealing with this 
type of information have been developed in the past two decades. Bartholomew 
for example mentioned that 'for too long social scientists have had to manage 
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with methods designed for use in the natural sciences in which the variables 
are well defined and readily capable of measurement. In the last decade or 
two the balance has been somewhat restored by the development of such things 
as the log-linear model* (Bartholomew, 1980, p. 127). 

The aim of this section on statistical models with qualitative and quantita- 
tive data is to describe the methodological advances which have taken place 
over the past twenty years in this research area, and to discuss their rele- 
vance in regional-economic and environmental research. In subsection 5.3.2 
the qualitative statistical models are specified within a family of general- 
ised linear models (GLMs) , a statistical framework developed by Nelder and 
Wedderburn. Particular attention will be placed in subsection 5.3.3 upon 
log-linear models and logistic/logit models for exploratory and explanatory 
data analysis of multidimensional contingency tables. Model estimation, model 
assessment and model selection procedures are discussed in subsection 5.3.4. 
Multidimensional contingency tables with cross- classified variables may also 
be analysed in terms of graphs with stimulus- response relationships. This 
will be further elaborated in subsection 5.3.5. 

5.3.2. Classification and integration of statistical approaches 

Continuous variables are variables measured at the high level of an interval 
or ratio scale and are quantitative in nature. Categorical variables differ 
from continuous variables because they are measured at a low level of mea- 
surement, i.e. a nominal or an ordinal scale. A distinction can be made be- 
tween three types of categorical variables, viz.: 

(i) dichotomous variables (e.g., presence or absence, yes or no, male or 
female); 

(ii) unordered polytomous variables (e.g., region A, region B, region C) ; 

(iii) ordered polytomous variables (e.g., high income, middle income, low 
income) • 

Dichotomous and unordered polytomous variables are measured at a nominal 
scale because the variables or phenomena concerned can only be distinguished 
by their name or attribute. In order to classify such variables, numbers as 
well as other symbols can be used. 

The ordered polytomous variables can be ranked from low to high (implying 
that they are measured at the ordinal scale) because it is known whether some 
classified variable has a higher or a lower value than another one. An exam- 
ple of an ordered polytomous variable is a regional environmental quality 
profile with values 'bad', 'good* and 'worse' or represented in an analytical 
way by (1,2,3). Differences between ordinal values do not have a numerical 
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meaning* 

One possible framework for understanding the range and interrelationships of 
these new methods for analysing qualitative data is that shown in Table 5*1. 
(See also Wrigley, 1979; Wrigley and Brouwer, 1986; Fischer and Wijkamp, 
1985). 

Table 5*1* A classification of statistical problems* 



Response 

variable 



Continuous 

Categorical 



Explanatory variables 



Continuous 


Mixed 


Categorical 


(a) 


(b) 


(c) 


(d) 


(e) 


(f) 



( 9 ) 



Cell (g) has been separated from cells (a) to (f), because it includes the 
models for qualitative variables when no prior causal structure has been 
considered* 

Table 5*1 shows a classification of statistical problems on the basis of the 
type of response (or dependent) and explanatory (or independent) variables 
involved. This table is classified according to a continuous, a mixed or a 
categorical level of variables, and it has two features* First, it shows that 
the way of dealing with qualitative data becomes more important when moving 
from cell (a) to cell (f) and (g). Second, the classical statistical models 
with metric data (e*g* regression models, dummy variable regression models) 
in the first row of the table are linked with recently developed methods for 
qualitative data analysis (e*g* log-linear models, logistic/logit and probit 
regression models) in cells (d) to (g) (see also Wrigley, 1985)* 

Implicit in the structure of Table 5*1 is the fact that the statistical mod- 
els for qualitative and quantitative data are part of a unified family of 
linear statistical models* The linkage between qualitative/categorical data 
models and conventional quantitative/ continuous data models can be formalized 
by regarding the models as members of Welder and Wedderburn's family of 'gen- 
eralized linear models' (GLMs) (Welder and Wedderburn, 1972). 

A GLM can be expressed in this form (see also McCullagh and Welder, 1983; 
Welder, 1985): 



Yi « + e ± 



i * 1 



, • • • , 



W 



(5.11) 
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with 

a response variable which is assumed to originate from the 
exponential family of probability distributions; 

Pi is the expected value of y i# i.e. p A * E(y A ); 
is a randomly distributed error term. 



The GLM in equation (5.11) can be characterized as a linear model for N in- 
dependent univariate variables y^ and consists of the sum of a systematic 
component Pi and a random component e^. 

The explanatory variables are denoted by X ilc (i=1,..., N; k-1, . .., K) • 
The variables X^ are the measurements of the K independent variables 
and they are thought to influence the variation in the response variable, 
Y± r in equation (5.11). The explanatory variables can be summarized in the 
structure of the so called 'linear predictor' (t^) which takes the form: 



l \ x i*' 

k 



(5.12) 



with as the parameters to be estimated. The linear predictor (for which 
a linear additivity hypothesis is considered in the GLM approach) can then be 
related to the expected value of yi by the so-called 'link-function' g 

hi - g(Mj.) / (5.13) 

or, in an analogous way in terms of the inverse of the link function 

Mi “ g -1 (ni) • (5.14) 

The link-function g is a monotonic twice differentiable function. 

Substitution of the linear predictor and the inverse link function into equa- 
tion (5.11) implies that a generalized linear model can also be written in 
the form: 

yi - g _1 (Hi) + e A i - i, n (5.15) 

or, alternatively: 

1 K 

y A a * («“ [ I \ X ik ] (5.16) 

k=1 

where F denotes the assumed exponential family of probability distributions. 
In order to define some GLM, the link-function, linear predictor and error 
distribution should be specified. 

Some examples of GLMs in the field of qualitative statistical modelling (with 
a discrete probability distribution) are given in Table 5.2 (see also O'Brien 
and Wrigley, 1984). 

Table 5.2 shows that a wide range of statistical models may be expressed in 
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Table 5*2* Examples of generalized linear models* 



Model 


Link-function 


Error distribution 


Linear regression 


Identity: r\ - y 


Normal 


ANOVA 


Identity: n ® y 


Normal 


Logistic/logit regression 


y 

Logit: n ** log 


Binomial/multinomial 


Symmetric log-linear 


6 1 - y 

Logarithmic: n ■ log y 
e 


Poisson 


Asymmetric log- linear 


y 

Logit: n ■ log 


Binomial/multinomial 




e 1 - V 





GLM terms, e.g., the classical linear regression with a normal distribution 
function for continuous data linear models and also many statistical distri- 
butions for qualitative data linear models* 

5*3*3* Log-linear models and logit models for contingency table* analysis 

A contingency table with nominal data is obtained when two or more variables 
are classified according to some prior chosen classification scheme giving 
two-way or multiway contingency tables* The modern view on contingency table 
analysis is influenced by a discussion between Yule and Pearson during the 
turn of the century (Fienberg, 1980). Pearson interpreted contingency tables 
in terms of categories based on continuous variables which follow a normal 
distribution* Yule considered categorical variables as based on a well de- 
fined category structure and he developed some measures of association be- 
tween pairs of variables for a 2 x 2 contingency table, measured at a nominal 
scale and with discrete classes* The current points of view regarding contin- 
gency table analysis are mainly in agreement with the approach advocated by 
Yule* 

In cell elements (f) and (g) of Table 5*1, all variables are categorical in 
nature* Sample data may be represented in the form of two-dimensional or 
multidimensional contingency tables which result from the cross- classifica- 
tion of categorical variables* 

In the case of cell (g) from Table 5*1, no distinction has been made between 
explanatory and response variables* The contingency table will therefore be 
called a symmetric table* In the case of cell (f) from Table 5*1 a distinc- 
tion has been made between explanatory and response variables, and the cor- 
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Table 5«3* AnlxJ two-dimensional contingency table# 



j - 

i * 1 


1 


variable B 
2 




Total 


n n 


n ........ 


• .n 




12 


1J 


n 1+ 


variable A i ■ 2 


n 21 








22 


2J 


2+ 


i = i 


n H 


n ......... 


> • «n 


n 

1+ 




12 


IJ 


Total 


n 

+1 


n ......... 


, # # n 


n = N 

++ 


+2 


+J 



responding contingency table will be called an asymmetric contingency table. 
Table 5.3 shows a two-dimensional I x J table with sample size N, and n^j 
denotes the observed cell- frequency for cell (i,j). The elements n^ + 
(i**1, ..., I)/ and n+j (j*!/ ..., J) denote the i-th row sum and j-th 
column sum respectively. 

An extremely powerful exploratory method for the analysis and decomposition 
of a structure from sets of data in contingency tables is log-linear model- 
ling, in which main effects and interaction effects serve to identify pat- 
terns of association between the cross-classified variables. Patterns of 
association between such variables are specified and quantified by log- linear 
models. The most general log-linear model for representing data from a table 
in linear additive components, which is linear in the (natural) logarithms of 
the expected cell- frequencies, m^j, becomes (see also Bishop et al., 

1975): 

A B AB 

log e m^ - log 0 E(n ± ..) - X + X ± + X^ + X^ ?i * 1,..,I; j =1,..,J. (5.17) 

All information about the structure of the contingency table (association and 
interaction) is contained in equation (5.17). The superscripts refer to the 
variables involved and the subscripts to the categories of the variables. 

The parameter X is the grand- mean effect, X^ and X^ are the 
main- effects of variables A (for the i-th category) and B (for the j-th cate- 
gory) and X*5 is the first-order interaction effect between vari- 
ables A and B (see also Birch, 1963). A family of log-linear models may be 
specified when different parameters in equation (5.17) are set equal to zero. 
The equations (5.18) to (5.21) are called the hierarchical set of log- linear 



models for a two-dimensional contingency table, because inclusion of any 
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higher-order parameters means that all related lower-order parameters are 
also included. 



, * . B 

I°g e - X + X ± + X i 

log e « ±j - X + X* 

B 

lo9 e m ij " X + X j 

log m, , = X 
e ij 



(5.18) 

(5.19) 

(5.20) 

(5.21) 



The main effect (or prevalence effect) expresses the contribution to the data 
structure, and the prevalence of the variable concerned. The interaction 
effect parameters express the effect of the inclusion of interactions between 
two or more variables. 

The number of parameters in equation (5.17) is equal to IJ + I + J + 1 which 
is larger than the number of cell- elements. Parameter constraints must then 
be imposed to identify the parameters in order to obtain a number of IJ inde- 
pendent parameters, which is equal to the number of cell-elements. 

Two common parameter restrictions are: 

(a) the 'cent red- effect* reparametrisation system 



I 

I 

i=1 



J 

I 

j=1 



I 

I 

i=1 



K** 

ij 



J 

I 

j-1 



X AS 



0 , 



(5.22) 



which is equivalent to the analysis-of- variance constraints. The main- 
effect parameters Xf and X^ and the interaction effect 
Xf^ are deviations from the overall mean-effect X. 

(b) the 'cornered-effect' reparametrisation system 



A B AB AB 

Xi - X t - X nj - X ±1 * 0, i * 2, ..., I, j - 2, ..., J. (5.23) 

The parameter X represents the logarithm of the expected frequency in the 
'anchor' or base cell (e.g. cell-element (1,1) in (5.23)), while 
X^, X§ and X^® (i = 2, ..., I, 3 — 2, ..., J) are 

interpreted as deviations from the 'anchor' cell-value or the frequency 
in the basic cell. 

The advantage of the centred- effect reparametrisation is that the parameters 
can easily be interpreted, whereas the advantage of the cornered- effect re- 
parametrisation is the independence of the observations from the categories. 
To the linear model in equation (5.17) may be referred now as the saturated 
log- linear model for a two-dimensional contingency table, because it is lin- 
ear in the logarithms of the expected cell- frequencies and because it satis- 
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fies the restrictions in (5*22) or (5*23). The model will then fit the ob- 
served cell-frequencies perfectly, there will be no degrees of freedom, and 
it has as many independent parameters as there are cells in the contingency 
table • 

Mutual independence between variables A and B is considered in model (5.18) 
because here the interaction-effect parameters are set to 
zero. Models (5.19) and (5.20) are representatives of the hypotheses that the 
categories of the variable B (or A) are equally probable, while model (5.21 ) 
is derived from the hypothesis that all categories of both variables are 
equally probable. The models (5.18) — (5.21 ) are unsaturated log-linear models 
because they have less independent terms than cells in the table. The struc- 
tural relationship between the variables from Table 5.3 are represented by 
the log-linear models in equations (5.1 7)-(5.21 ) . The aim of the analysis is 
to eliminate the parameters of the saturated model which are not essential to 
describe the structural relationships in Table 5.3. The number of parameters 
is reduced to the most parsimonious form which still is consistent with the 
relationships between the variables. 

Although log-linear models are a useful tool in two-dimensional tables for 
tests of independence, they are especially relevant in case of multidimen- 
sional contingency tables with three or more cross-classified variables. 

Table 5.4 shows a three-dimensional contingency table with cell-elements 
n ijkr i = 1 1 •••/ I; j = 1 , • ••, J; k = 1, ..., K, which are classified 
according to the variables A, B and C. 

Table 5.4. An I xJ xK three-dimensional contingency table. 







1 


Variable C 

2 


... 




K 


Variable A 


Variable B 

1 2 ... J 


Variable 

1 2 • • 


B ... 

. J 


Variable B 

1 2 ... J 


i = 1 


n m 


n i21*** n U1 


n i12 


n i 22* ' 


* n U2 ”• 


"lIK 


n i 2K # ‘ #n iJK 


i = 2 


"211 


n 22T" n 2J1 


n 212 


n . . 

222 


* n 2J2 *’* 


n 21K 


n 22K*'* n 2JK 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• 


• • 


i = I 


n 


n • • .n 


n 




. n ... 


n 






111 


121 IJ1 


112 


122 


IJ2 


UK 


I2K IJK 


Total 


Vn 


n +21 •■• n +J1 


n „ „ 
+1 2 


n • • 

+22 


,n +J2 •" 


n +1K 


"+2K * * * n +JK 
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A hierarchical family of log-linear models can be specified for the three-di- 
mensional table by setting different parameters to zero in the saturated 
model. This is shown in Table 5.5 (see also Bishop et al., 1975; Payne, 1977; 
Wrigley, 1985). 

Each member of hierarchical log*- linear models in Table 5.5 implies a particu- 
lar hypothesis between the three variables: 

Table 5.5. Hierarchical set of log-linear models for a three-dimensional 
contingency table (source: Wrigley, 1985, p. 171). 



Number of 
Model models of 

type such type A terms set to zero Model specification 



1 


1 


None 


2 


1 


k ABC 


3 


3 


k ABC , k AB 


4 


3 


k ABC , k AB , k BC 


5 


1 


k ABC , k AB , k AC , k BC 


6 


3 


k ABC , k AB , k BC , k B 


7 


3 


k ABC , k AB , k AC , k BC , k A 


8 


3 


k ABC , k AB , k AC , k BC , k A , 


9 


1 


k ABC , k AB , k AC , k BC , k A , 



lo&ftty* - A + k A + Ay* + A* 7 + A^® + A^ + + A^®^ 

lo&my* = A 4- k A + kf + A*" + A^ + A^^+ Ayf ^ 

lo&ftfy* = A + Af 4 + A® + A* 7 + \/k C + Ayf c 

lo gsriijk = A + k A + kf + A* 7 + Art c 

lofem#* * A + k A + kf + A* 7 

log /riijk “ A + k A + A* 7 + A<jf c 

log emyk - A + kf + A* 7 

log^my* = A+A* 

log /n^k = A 



(a) Type 1: saturated model . The association between every pair of variables 
varies with the level of the third variable. 

(b) Type 2: no three level interaction model . Each pair of variables is asso- 
ciated but no second-order interaction is included. 

(c) Type 3: conditional Independence model . A pair of variables is indepen- 
dent, given the third variable, e.g., variable B may be independent of C, 
given A. 

(d) Type 4: multiple independence model . Two variables are considered as a 
joint variable and are independent of the third variable, e.g. the joint 
variables AB and BC are independent of variables C and A, respectively. 

(e) Type 5: mutual independence model . All variables are mutually independent 
from each other; this case of mutual independency is the three-dimension- 
al equivalent to model (5.18) for two-dimensional contingency tables. 

(f) Type 6-9: types of 1 non- comprehensive 1 models . Model 6 implies that all 
categories of one variable are equiprobable given the other two. Model 7 
implies that all categories of one variable are equiprobable given the 
other two, and the other two variables are independent. Model 8 implies 
that for one variable, all possible combinations of the categories of the 
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other two variables are equally probable, and model 9 implies that all 
categories of the three variables are equally probable. 



The parameter constraints for the two-dimensional tables mentioned in equa- 



tions (5.22) and (5.23) can also be extended to the three-dimensional case. 



The additional parameter constraints: 
I J K 



I 

i=1 



, ABC 



I * 

j-1 



ABC 

ijk 



I V 



k=1 



ABC 

ijk 



0 , 



(5.24) 



or: 



ABC _ ABC _ ABC 

ijk " A i1k l jl 



(5.25) 



are added to (5.22) and (5.23), respectively. 

The above mentioned log- linear models with symmetric tables can be used for 
exploratory purposes in order to structure and decompose a model into linear 
additive components for cell (g) problems from Table 5.1. 



A linear logit model will be discussed now for explanatory purposes. The 
mathematical equivalence between linear logit models and log- linear models 
for cell (f) problems from Table 5.1 will also be demonstrated. 

It is now well known that if the conventional regression models in cells (a), 
(b) and (c) from Table 5.1 would be applied to cells (d), (e) and (f) an 
alternative model form is necessary because of some difficulties. First, when 
a conventional regression model will be applied with a categorical response 
variable, the constant error variance or homoscedasticity assumption of the 
classical regression model will be violated. This means that the problem of 
heteroscedasticity or non-constant variance will be present. Secondly, a 
conventional regression model with a categorical response variable may lead 
to predictions outside the meaningful range of probabilities. Whereas pro- 
bability is defined to fall in the range (0, 1), the predictions generated 
from a conventional regression model are unbounded and may take values from 
-» to -H» (see also Pindyck and Rubinfeld, 1976). 

The solution to the second problem is to use an alternative regression model 
with predictions which are automatically constrained to fall in the range 
( 0 , 1 ). 

The most widely used models in that case is the logistic regression model , 
which takes - in case of a two-category (dichotomous) case - the following 
form (see also Theil, 1970): 
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(5.26) 



where 

% fi - e o + X 6 k x ik- (5 - 27) 

k=1 

represents the probability that the first category will be selected by 
the i-th individual or at the i-th region (i ■ 1, • • • , N) given the values of 
K explanatory variables. The parameters 3k ® 0, ..., K) are unknown, 
while the explanatory variables may be qualitative and/or quantitative in 
nature. When the values of x^ 3 range from -°® to +» , p ranges in value from 

0 to 1. 

The logistic model in equation (5.26) can be rewritten as a linear logit 
model of the form: 



log 
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x. 3 

~i ~ 



(5.28) 



The logit transformation in (5.28) is based upon the cumulative logistic 
probability function or the Sech^-probability function (see also Brouwer and 
Nijkamp, 1984). The left-hand side of (5.28) is called the logit transforma- 
tion (logarithm of the odds-ratio) of p^ and its value increases from -» to 
+» as Pi increases from 0 to 1 • 

In case of polytomous response variables (i.e., more than two categories), 
the dichotomous models in equations (5.26) and (5.28) can be generalized in a 
straightforward manner (see also Schmidt and Strauss, 1975). The logistic 
regression model - in case of an R- category response variable - takes then 
the form: 
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where p r /i is the probability that the r-th category will be selected by 
the i-th individual, or at the i-th locality. The linear logit model now 
becomes : 
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(5.31) 



The mathematical equivalence between log-linear models for cell (f) problems 
from Table 5.3, and linear logit models can easily be shown for a 2xJxK con- 
tingency table with variable A as the response variable and variables B and C 
as explanatory variables (see also Fienberg, 1980). The saturated log- linear 
model in that case becomes: 

B C BC A AB AC ABC 

lo *e “ijk - X + X j + X k + V + *1 + X 1j + X 1k + X 1jk (5 * 32 > 
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(5.33) 



The logarithm from the odds-ratio can be obtained from (5.32) and (5.33): 
in 
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Consider a 'centred-effect* parameter constraint system like (5.22) and 
(5.24) which implies that (5.34) can be rewritten as 
m^ 
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(5.35) 



which is a linear logit model with categorical variables B and C as the ex- 
planatory variables (see also Grizzle et al., 1969). 

The structure of log-linear models and linear logit models for qualitative 
data has been discussed in this section. Altogether, the conclusion can be 
drawn that log-linear models are a powerful tool in analysing the structure 
and interaction effects of qualitative information from economic, social or 
environmental data sources. Some model estimation, model assessment and model 
selection procedures for qualitative statistical models will be discussed in 
the next subsection. 



5.3.4. Estimation, assessment and selection for qualitative statistical 
models 



The parameter estimation procedures which are appropriate for qualitative 
statistical models can be subdivided into three main classes (Wrigley and 
Brouwer, 1986; Imrey et al. , 1981): 
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(i) iterative proportional fitting methods; 

(ii) weighted least squares (WLS) methods; 

(iii) function maximization techniques, e.g* Newton- Raphson, Davidon-Powell • 
The iterative proportional fitting procedure gives a proportional adjustment 
of a row and a column of a contingency table to obtain estimated expected 
cell- frequencies* Consider for example model type 2 from Table 5*5* Because 
of the nature of such hierarchical log- linear models, the minimum set of 
sufficient statistics in the example consists of the marginal categories 
n ij+, ni+k and n+jfc* The iterative scaling procedure which 

starts with the initial estimates of expected frequencies 

m^^ ■ 1 for all i, j and k, 

and the constraints from the minimum set of sufficient statistics give the 
following stage s of the iterative procedure (see also Fienberg, 1970): 
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for all i, j, k 



for all i, j, k 



for all i, j, k. 



(5.36) 



With each new fit in (5*36), the previous adjustments are lost* Hence, it is 
necessary to begin a new cycle of the iteration procedure* The iterative 
procedure is continued until the desired accuracy will be achieved* Conver- 
gence is obtained when only an arbitrary small difference between the estima- 
ted marginal totals and the specified marginal totals remains* 

The computer programs ECTA (Everyman's Contingency Table Analysis) (see also 
Fay and Goodman, 1975) and BMDP Routine P4F (Biomedical Computer Programs, P 
series) (see also Brown, 1981) both make use of an iterative proportional 
fitting procedure to produce maximum likelihood estimates of the expected 
cell- frequencies, log-linear model parameters and standard errors* In case of 
logistic/logit models, both function maximization techniques and weighted 
least squares can, theoretically, be used* However, in case of cell (f) prob- 
lems in Table 5*1*, in which all explanatory and response variables are cate- 
gorical, the non-iterative WLS procedure is a widely used approach* The WLS 
parameter estimates can be obtained by minimization of the quadratic form: 
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(L - L)' vf 1 (L - L), (5.37) 

li 

with 

L - X 3 f (5.38) 

where L is a vector of observed logit values, and vf 1 a matrix of weights 

L 

(see also Wrigley, 1980). The WLS parameter estimates 8 in the equations 
(5.28) and (5.31) then become: 

6 = (x' v" 1 X) -1 x' v” 1 L . (5.39) 

~ L L 

The non-iterative WLS procedure assumes that the data to be modelled have 
arisen from an underlying product multinominal sampling model, and depends 
upon the availability of moderate and large size samples for each combination 
of categories from the explanatory variables. In case of cells (d) and (e) 
problems in Table 5.1 , this latter condition is rarely satisfied and the 
non-iterative WLS procedure is rarely used for such problems, while direct 
function maximization techniques (numerical optimization procedures) or the 
iterative WLS methods from Nelder and Wedderburn are universally adopted 
procedures. Both produce maximum likelihood estimates (see also Nelder and 
Wedderburn, 1972 for a definition of parameter estimates with an iterative 
WLS procedure). 

Applications of linear-logit and log-linear models in the field of geography, 
spatial economics, psychometrics and ecology are given among others by Auf- 
hauser and Fischer, 1984; Fienberg and Meyer, 1983; Imrey et al., 1982; Whit- 
tam and Siegel-Causey, 1981. Whittam and Siegel-Causey (1981) for example, 
specified and selected a set of log-linear models to estimate species inter- 
actions and community structure for seabird colonies in Alaska. 

Each of the estimation procedures can now be operationalized by a standard 
computer program. In case of log-linear models and linear logit models the 
GLIM (Generalized Linear Interactive Modelling) package developed by The 
Royal Statistical Society and NAG (Numerical Algorithms Group) makes use of 
the iterative WLS procedure (see Baker and Nelder, 1978 for a release manual 
of the GLIM-3 version and Gilchrist, 1982 for a discussion of the extended 
GLIM-4 version). Some qualitative statistical models based on survey data are 
analysed by Bowlby and Silk (1982) by making use of the GLIM package. The 
GENCAT package (Landis et al., 1976) provides a non- iterative WLS estimation 
of the logit models appropriate for the problems in cell (f) from Table 5.1. 
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The goodness- of- fit of any model within the GLM approach can be assessed when 
a model has been estimated. The goodness- of- fit statistic, also called de- 
viance , is computed automatically within the GLIM package and takes the 
form: 

D « -2 [ log A(0) - log A 1, (5.40) 
L e ~ e max J 



where log^A ( 3 ) denotes the maximized log- likelihood of the fitted model and 

log e A^ax denotes the maximized log- likelihood of the 'complete' mo- 
del, reducing the residual variation to zero (see also Nelder, 1974). 

In case of logistic/logit models, the 'deviance' specializes to the form 

-2 log A($) (i.e. -2 times the maximized log-likelihood value of the fit- 
ted model). In case of dichotomous logit models such as in equation (5.28) 
the deviance becomes: 

N 

D * -2 l [ y ± l09 e P ± + <1 “ Y ± ) log^O - P ± ) ]• (5.41) 



The deviance value can be determined in an analogous way for log- linear mo- 
dels, and it becomes in case of a three-dimensional contingency table: 



D " " 2 X j, I 

I J K 
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Expression (5.42) is in the literature of log- linear modelling usually refer- 
red to as G 2 , and is called the likelihood- ratio statistic (see Bishop et 
al., 1975; Everitt, 1977). 



An alternative type of goodness- of- fit statistic for logistic/logit and log- 
linear models is Pearson's chi-squared statistic, X 2 with: 
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for log- linear models, and 
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X 
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? (y i~ p i )2 
i=1 . . 

P± (i - p ± > 



0 . 44 ) 



for the logistic/ logit models of expressions (5.28) and (5.31). 

The deviance value and the chi-squared measures both have the same asymptotic 
X 2 distributions with degrees of freedom equal to: 

degrees of freedom = number of cell-elements in the contingency table 

minus number of independent parameters in the model 
that require estimating. (5.45) 

The number of degrees of freedom is equal to the number of a priori restric- 
tions. It can be shown that the likelihood-ratio measures have several impor- 
tant and useful features (e.g., divisibility into additive portions), which 
the chi-squared measures do not possess. The Pearson's X 2 is also proportion- 
al to the sample size and the probability of a type 2 error (acceptance of 
null-hypothesis when it is not true) becomes smaller for the statistic X 2 
(see also Hagenaars, 1985). Fienberg (1980) mentioned a disadvantage on the 
G 2 -statistic for small cell-frequencies, because it may underestimate the 
probability of type 1 -errors (incorrect rejection of the null-hypothesis), 
and therefore it has a larger value than expected. For these reasons the 
deviance statistics are the most widely adopted goodness-of-fit measures. 
Model selection procedures for both log-linear and logistic/logit models are 
essentially based upon the goodness-of-fit measures described above. In log- 
linear modelling, for example, the G 2 statistics for various types of log- 
linear models are compared, and the most parsimonious member of the set which 
has a satisfactory fit to the observed data is the model which will be se- 
lected as the 'acceptable' representation of the structural relationships 
between the variables in the contingency table. 

Systematic and efficient model selection procedures are required in case of 
multidimensional contingency tables where there are many possible models. The 
most widely adopted selection procedures are stepwise selection , screening 
and a simultaneous test procedure of parameters. Fingleton (1981) discussed 
these selection procedures in the frame of spatial dependence data: 

(i) stepwise selection , proposed by Goodman (1971). It is a stepwise pro- 
cedure for the selection of log-linear models and includes both the 
forward selection and backward elimination procedure. The forward se- 
lection procedure adds significant effects to the basic model (e.g., 
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the log-linear model with only the grand-mean effect included). The 
backward elimination procedure eliminates insignificant effects from 
the saturated model. 

(ii) screening (Brown, 1976). Each term in the saturated log-linear model is 

evaluated using two test-statistics, one of partial association and the 
other one of marginal association. Each term will be assessed in two 
extreme situations: the first conditional on all terms of the same 

order, and the second conditional on only the lower-order effects rela- 
ted to the term in question. They can be thought of as lower and upper 
bounds of the conditional G 2 -values that would be obtained by adding 
that particular term to a previous specification of the log-linear 
model. As such, the two tests enable each term in the saturated model 
to be screened, and to be placed into one of three alternative cate- 
gories: 

(a) significant and necessary in the final 'acceptable' model; 

(b) insignificant and unneccessary in the final model; 

(c) of questionable significance and in need of further investigation. 
Screening of parameters of the saturated log-linear model in this way 
will select an initial approximation to the final 'acceptable' model. 
The initial model may be refined by making use of a forward selection 
or backward elimination method. 

(iii) simultaneous test procedure (Aitkin, 1979; 1980). A common characteris- 
tic of selection strategies for log-linear models is that they involve 
multiple tests of data. Some allowance should be made to compensate for 
the multivariate testing, to avoid attributing significance to what is 
merely random variation. Significance levels of statistical tests 
should be adjusted to compensate for the multiple testing. Significance 
levels are adjusted in the simultaneous test procedure and a systematic 
and internally consistent approach to model selection is provided. 
Aitkin (1980) determined an overall type one error ratey for the null 
hypothesis that a set of parameters are simultaneously equal to zero. 
Such a rate Y means the chance of at least one incorrect rejection of a 
true null hypothesis, and Aitkin recommends to select that level of 
insignificance a such that Y will be in the range between 0.25 and 
0.50. 



5.3.5. A graph approach to multidimensional contingency tables 

A causal model interpretation of the statistical relationships between stimu- 
lus-response variables was discussed in subsection 5.2.4 in terms of path 
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analysis* An extension of causal modelling for categorical data has been 
developed recently* A very appealing feature of hierarchical log- linear mod- 
els is that they have a minimal set of sufficient statistics which contain 
the relevant information for the joint distribution function* Unfortunately 
all variables are treated alike for most of the hierarchical log- linear mod- 
els* A modified path analysis approach was proposed by Goodman (1973) for 
qualitative variables when some variables are posterior to others* Goodman's 
analogue to conventional path analysis has two features* First, the models in 
the system make explicit the assumed order of priority (or causal ordering) 
of the categorical variables* Second, the relationships between the variables 
are denoted in terms of path diagrams (Wermuth and Lauritzen, 1982; Wrigley, 
1985). 

However, unlike conventional path analysis (discussed in subsection 5*2*4), 
there is no simple method of assigning numerical values (i*e«, path coeffi- 
cients) to the paths and arrows which connect together the causal structure 
or path diagram* 

Directed graphs with vertices and edges represent a system of dependencies 
which can be interpreted as a system of causal relationships. The recursive 
models of dependencies for qualitative variables are specified as a subclass 
of the models proposed by Goodman (see also Wermuth and Lauritzen, 1982) • An 
example of a graph representation of a log-linear model is presented, which 
is denoted by three vertices and no response variable in Figure 5. 4a, one 
response variable in Figure 5. 4b and two response variables in Figure 5. 4c* 

An example of an exploratory analysis with a causal ordering of categorical 
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Figure 5.4(a)* 

A recursive system 
with no response 
variable • 




C 



Figure 5.4(b)* 

A recursive system 
when A is a 
response variable* 



•B 




C 



Figure 5.4(c)* 

A recursive system 
when A and B are 
response variables* 



variables is presented by Pannekoek and Stronkhorst (1981)* The study deals 
with the choice of a secondary school for boys and girls and the way that 
choice is affected by their socio-economic status, teacher's recommendation 
and also by the student's achievement level* 
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5.4. MULTIVARIATE ANALYSIS FOR NON -METRIC INFORMATION 



5.4.1. Introduction 



The phenomena, which are linked to each other in an I EM, and which are mea- 
sured at either a nominal, an ordinal, an interval or a ratio scale, are 
multivariate in nature , and may be complexly structured. The multivariate 
phenomena can be based on spatially disaggregated regional profiles, such as 
economic profiles (e.g., labour supply /demand, industrial productivity), 
environmental profiles (e.g., recreational attractiveness), or infrastructur- 
al profiles (e.g., accessibility by road or by water). The major purpose in 
such case can be described as finding a certain structure in such a set of 
multivariate observations with various phenomena. Multivariate analysis deals 
with models which consist of more than one variate, with a variate defined to 
be a quantity which may take any value within a specified set like categories 
or rank numbers. 

Two scaling methods for qualitative data (nominal and ordinal) will be dis- 
cussed in this section, viz. multidimensional scaling (MDS) in the next sub- 
section, and homogeneous scaling (especially HOMALS, or Homogeneity Analysis 
by Alternating Least Squares) in subsection 5.4.3. Both scaling procedures 
aim at deriving a quantitative configuration of a system which is measured on 
a qualitative scale. A goodness-of-fit criterion is introduced here to deter- 
mine the fit between the qualitative data input and the quantitative or met- 
ric configuration. 

The purpose of an MDS-procedure is to find a configuration of points with a 
ranking of the distances between these points which represent, as closely as 
possible, the ranking from the original data set with an ordinal scale of 
measurement. An MDS-procedure is especially relevant in case of ordinal in- 
formation, with a ranked ordering between the values of a phenomenon. This 
will be discussed in subsection 5.4.2. A homogeneous scaling procedure such 
as HOMALS is developed for discrete or nominal variables, with individuals or 
objects being classified according to a limited number of categories or clas- 
ses. This will be discussed in subsection 5.4.3. 

Multidimensional scaling procedures and homogeneous scaling procedures have 
originally been developed in psychometrics, with an experiment ranked or 
classified by objects or subjects according to some point of view. However, 
both approaches also have shown their relevance in urban policy modelling and 
environmental policy modelling. An example of a simultaneous consideration of 
economic, social, physical and environmental profiles in a spatial system is 
presented by Blommestein and Nijkamp (1984) and by Nijkamp and Voogd (1984). 
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A multivariate analysis of water quality control involved in pollution and 
eutrophication in aquatic environments is presented by Ikeda and Itakura 
(1983). 

5.4.2. Multidimensional scaling for ordinal information 

The rationale behind the use of MDS is to transform ordinal data into car- 
dinal units (or metric information); the MDS approach is able to take into 
account nonlinearities from the underlying relationships in a data matrix. 
Ordinal multidimensional scaling is sometimes also called ordinal geometric 
scaling. It takes for granted that a set of N objects or indicators in a 
K-dimensional space are transformed into and represented by cardinal informa- 
tion of a lower dimensionality, say S. The aspects or the attributes of the 
phenomena concerned are depicted in a S-dimensional Euclidean space in such a 
way that it should be consistent with the observed ordinal rankings. The 
attributes which are based on ordinal information, are represented as points 
in an Euclidean space. The configuration depicted in a S-dimensional Eucli- 
dean space with interpoint distances between the S-dimensional coordinates of 
the attributes needs to reflect a maximal agreement with the original ranking 
of attributes. The MDS approach then uses the degrees of freedom to obtain a 
metric representation of data which are originally ordinal in nature. 

Suppose a symmetric NxN paired comparison table A with similarities and dis- 
similarities between N objects being expressed by ordinal numbers. The ele- 
ments 6^ of A represent ordinal rank numbers for the (dis) similarity 
between points n and m ( n,m ■ 1,..,N). Each object n (which may be an indi- 
cator or a region) can be characterized in a S-dimensional space by the MDS- 
procedure with coordinates x ns (s * 1, ..., S). The Euclidean distance 
d^ between each pair of points (Xj^x,^) is: 

S 

“ ( I < x ns ~ » n, m - 1, N. (5.46) 

The distance metric in equation (5.46) is symmetric and the triangle inequal- 
ity holds. Besides, it is invariant for translation and homogeneous in na- 
ture. 

The aim of the analysis now is to assess the coordinates x ns and 
x ms in such a way that the distance d^ is in agreement with the 
original rankings 6^, so that such a distance has a maximal goodness- 
of-fit with respect to the original data. This condition implies that a 
stress function (or loss function) has to be minimized. The stress function 





126 



will minimize the residual variance between all distances d nm and 
6 n m* However, the dissimilarity measure $ nm is ordinal in nature 
and arithmetic operations are not permitted on ordinal information as was 
already mentioned before* A metric auxiliary variable d nm is calculated 
for that reason which is in agreement with 6^, so that 
d nm * <*nl whenever < & n i (this is called the 

condition of order-isomorphism). Then the following goodness-of-fit function 
may be specified as a Minkowski-metric: 

r i i <a - a ) 2_ i 1 

I u u nm nm 



♦ 



I I a 



2 

nm 



(n $ m) 



(5.47) 



with the sum of squared distances as the normalization constant. The smaller 
the value of the loss function, the better the order-isomorphism (or monoto- 
nicity) between the original rankings, and the interpoint distances defined 
in equation (5.46). A set of coordinates x nm is then found in an itera- 
tive procedure in which the loss function is minimized. 

The above mentioned steps of the MDS procedure are summarized in Figure 5.5 
below. 

The analytical representation of the MDS approach can be formalized in the 
following way: 

min ♦ = f (D-D ) 

x (5.48) 

* m 

subject to: D-D 

D = g(x) , 

4* * 

where D and D are both distance matrices of order NXN with elements d nm 
and d nm respectively, and where in denotes the condition of order- isomor- 
phism. An example of a widely used distance function g(x) is already defined 
in (5.46). 

The basic concepts of MDS-procedures are developed by Kruskal in the early 
sixties and are extensively discussed by Kruskal and Wish (1978). The MDS- 
procedure has been applied in various fields. Applications of MDS- procedures 
in policy modelling are given by Ikeda and Itakura (1983) for water quality 
modelling, Adelman and Morris (1974) for the measurement of levels of devel 






Figure 5*5* Simplified flow chart representation of the MDS procedure* 



opment from low income nations, Nijkamp (1982) for an analysis of regional 
income determinants with ordinal and metric information in econometric mod- 
els, and Nijkamp and Voogd (1984) for an analysis of Dutch regional infra- 
structure profiles* 

5 *5 *3* Homogeneous scaling for nominal information 



The aim of homogeneous scaling procedures for nominal information is to iden- 
tify the relationships between a set of, say M, qualitative variables* Each 
variable has a number of categories for each of N individuals or objects, and 
each of the M variables has scores 1,**,kj (j*1,**,M). 

Nominal or ordinal answer categories for questions from a survey and its 
respondents are represented into a joint Euclidean space in such a way that 
each respondent lies as close as possible to his/her answer categories* 
HOMALS (Homogeneity Analysis by Alternating Least Squares) is a program for 
homogeneity analysis; the program makes use of an alternating least squares 
algorithm (see also Gifi, 1981; Molenaar, 1985). It is an alternating proce- 
dure with person and category coordinates which are alternatingly improved* 
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Figure 5*6. Representation of a HOMALS procedure. 

All object and category scores are represented in a S -dimensional Euclidean 
space in such a way that the average squared distance between category points 
and the corresponding object points are minimized. The main characteristics 
of the iterative structure of the HOMALS program are represented in Figure 

5.6. 

In HOMALS the categories of nominal variables are quantified in such a way 
that the largest eigenvalue from the corresponding correlation matrix is 
maximized. This maximization of homogeneity will be achieved by means of a 
minimization of a loss function. Hence HOMALS deals with the correlation 
between each pair of variables by using a scaling procedure with respect to 
the initially qualitative labelling of the categories. 

Examples of the application of the HOMALS computer program are given by Cool- 
en and Van Rijckevorsel (1981 ) for an analysis of Dutch law and order mental- 
ity during the seventies, Israels (1981) for an analysis of national statis- 
tics of shoplifting in the Netherlands, and Blommestein and Nijkamp (1984) 
for an analysis of qualitative relations on natural resources. 

5.5. CONCLUDING REMARKS 

The relevance of the three aspects discussed in Sections 5.2 to 5.4 will be 
discussed in this section in relation to the satellite concept of integration 
mentioned in Chapter 4. This will be summarized in Table 5.6 (see Brouwer and 
Nijkamp, 1986b). 
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The lack of reliable information would lead to scepticism regarding numeri- 
cally quantified modelling results. When either theoretical knowledge con- 
cerning the specification of an IEM is scarce and/or when the relevant infor- 
mation is not reliable or not available at all, graph- theoretic methods and 
qualitative calculus are useful tools to analyse the structure of the impacts 
between variables or to solve a set of equations in a qualitative way. 
Qualitative and quantative statistical models, which can be interpreted as 
members of a family of generalized linear models, are a useful tool in an IEM 
when different levels of measurement are available concerning the variables. 
The phenomena of an IEM which are linked to each other may be non-metric 
(nominal or ordinal) and multivariate in nature. Two scaling methods have 
been discussed, i.e. multidimensional scaling for ordinal information, and 
homogeneous scaling for nominal information. The originally non-metric infor- 
mation may be represented by and reduced into a quantitative configuration. 



Table 5.6. Relevance of the methodological aspects in an IEM. 



Methodological aspects 



Relevance in an IEM 



1 



2 



3 



4 



Structure analysis with binary 
or qualitative information 



Different levels of measurement 
of the variables 



Multivariate analysis for 
nominal and ordinal information 



Spatial scale and aggregation 
level 



- lack of a sufficient data base 

- lack of reliable information 

- model interpretation with 
causality analysis and a 
minimum level of information 



- metric and non-metric information 
in the model operationalization 

- a coherent set of linear statisti- 
cal models with the GLM approach 

- exploratory analysis for survey 
data with a nominal scale 



- representation and reduction of 
non-?metric information in a 
quantitative configuration 



- variables with a spatial dimension 
and/or an allocation/diffusion 
between different regions 
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Finally the spatial scale level and spatial aggregation level both are rele- 
vant for all variables with a spatial dimension because regions are not uni- 
quely demarcated entities, while various kinds of spatial interaction or 
diffusion mechanisms may take place. 

A satellite design of integration of an I EM is a hierarchical systems struc- 
ture, with a core module representing the central aspects from the analysis. 
The causal model structure can be analysed in case of zero/one information 
concerning the impacts to trace out interdependencies and the hierarchical 
levels. Additional information with respect to the signs of the impacts be- 
tween variables may be used to determine the impacts of policy instruments on 
the response variables in qualitative terms. 

The relevance of the satellite design of integration as well as of the tools 
presented in this chapter will be discussed in the next chapters within the 
framework of an integrated environmental modelling approach for the Biesbosch 
area. 




PART Cx 

AM INTEGRATED ENVIRONMENTAL MODELLING APPROACH 
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CHAPTER 6. TOWARDS AN INTEGRATED ENVIRONMENTAL MODEL FOR THE BIESBOSCH 
AREA 

6.1. INTRODUCTION 



The presentation in Chapter 4 concerning the discussion of systems theory 
showed that a modular approach, with a hierarchical representation of modules 
representing the key phenomena, is a useful methodological framework of inte- 
gration to a systematic development of an I EM. The major tasks in the use of 
systems theory to develop an IEM are twofold, viz. the formulation of the 
design from a coherent system to analyse the scope of a real world phenom- 
enon, and the definition from a set of mathematical models to analyse the 
phenomena in an adequate way. The various stages in the development of a 
mathematical model from a systems approach - in terms of the definition and 
evaluation of a systems model - were presented in Figure 4.4 from subsection 
4.2.1. The stages 1 to 3 in that figure deal with the definition and struc- 
ture of a system and its subsystems, as well as with the selection and treat- 
ment of key phenomena. These three stages will also be called the formulation 
of the design stage of a coherent system, and begin the process from the 
systems definition phase to the mathematical modelling phase. 

The first issue to be treated in this chapter (Section 6.2) is the presenta- 
tion and discussion of the design stage of an IEM for the Biesbosch area in 
the Netherlands. 

The Biesbosch area is a region in the south-western part of the Netherlands 
with many recreational facilities associated with the rivers and streams 
(such as fishing, swimming, sailing, surfing) (see also Van der Ploeg et al., 
1984). Such recreational activities may be relevant for the development of 
employment in the region. However, the recreational activities also may be 
conflicting with nature conservation. Within the framework of an integrated 
modelling approach, the Biesbosch area is then considered to be a system with 
sub-systems which are actually based upon recreational activities, (regional) 
economic development, ecological processes and demographic characteristics. A 
mutual dependence between recreational activities, (regional) economic devel- 
opment, ecological processes and demographic characteristics is included in 
the analysis, and the relationships are represented in terms of links between 
modules. Such modules will be interpreted (in accordance with the definition 
in Section 2.1) as a set of interrelated variables, which have their back- 
ground in a specific identifiable part of a compound environmental phenome- 
non. 

The second issue to be treated in this chapter, which will be discussed 
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in Section 6*2, deals with the association between modules* The aggregated 
approach at the level of modules will be disaggregated to the level of vari- 
ables* The systems phase concerning the selection and treatment of key pheno- 
mena will be used in terms of the satellite design of integration* 

Section 5*2 showed that, in case of the analysis of the structure of an I EM, 
a distinction can be made between different levels of measurement, i*e*, 
binary or zero/one information, qualitative information (+, -, or 0), and 
metric information. First, a systems model representation of an I EM can be 
interpreted on the basis of binary or zero/one information* Subsection 5*2*2 
showed a graph representation of a systems model to determine dependencies in 
a model, i*e* the hierarchical ordering, causality and key driving forces of 
the variables* This causality approach will be discussed in Section 6*3 for 
the model presented in Section 6*2* The second approach concerning the diffe- 
rent levels of measurement deals with the analysis of systems models when the 
impacts between variables are represented in a qualitative way by their 
signs* The sign-solvability approach will be discussed in Section 6*4 for a 
dynamic simulation model to determine the qualitative impacts of policy in- 
struments* The hierarchical ordering of variables, derived from the causality 
model structure, will also be helpful in that section for a recursive proce- 
dure to solve a model with qualitative information* 

It will be concluded that the use of binary information and qualitative in- 
formation within the framework of integrated environmental modelling may 
provide practical tools to draw reliable conclusions concerning analytical 
and policy aspects* 

The relevance of outdoor recreation with respect to nature conservation and 
the availability of recreational facilities will be further elaborated in the 
next chapter* Recreational activities in the Biesbosch area will be analysed 
in Chapter 7 with respect to, among others, the relevance of phenomena such 
as the nature of landscape and the availability of recreational facilities, 
and a cause- and-ef feet analysis between type of boat and type of recreational 
activities* 

6*2* DESIGN OF AN INTEGRATED SYSTEMS MODEL AND THE TREATMENT OF KEY 
PHENOMENA 

Three designs for integrating environmental phenomena will be discussed in 
this section in order to define and structure a system with its sub-systems, 
as well as to define the links between the modules of an I EM mentioned in 
Section 6*1* Such links between the modules depict the association between 
variables at an aggregated level* A distinction will be made here between a 
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horizontal, a vertical and a satellite design structure (see also the dis- 
cussion of these designs for model integration in subsection 4.3*2 and Sec- 
tion 4.4). 

A schematic representation of the links between modules is presented in Fi- 
gure 6.1 in terms of a horizontal framework of integration. A horizontal 
model concept of integration (in terms of a parallel design), like the one 
presented in Figure 6.1 is characterized by equal position and contribution 
of the separate modules. However, in this case an essentially hierarchical 
representation of the links between modules would be desirable here in order 
to express the recreational activities in the area as the key factor or dri- 



- I 1 



1 


— > 


2 




3 


— 


4 






1* demography module; 3* regional-economy module; 

2* recreation module; 4* natural-environment module • 

Figure 6.1. Outline of a horizontal model design of integration. 

ving force for other modules. Recreational activities are regarded as the 
central research issue of the study of the Biesbosch area, with a mutual 
dependence between a natural environment module and a regional-economic mod- 
ule. A presentation of such a so-called hierarchical (or vertical) model 
concept of integration is found in Figure 6.2. The vertical model approach 
from Figure 6.2 may be useful, for example, in case of a separate analysis of 
economic aspects related to recreational activities or of environmental as- 
pects related to recreational activities. 

A hierarchical ordering or vertical structure of phenomena is also a funda- 
mental concept in systems theory (see also Simon, 1973, who interpreted com- 
plex systems as an organization of hierarchies). A vertical model approach 
which focuses on preselected topics, can be chosen for pragmatic and computa- 
tional reasons (for instance, because a horizontal model approach may be 
overambitious in terms of staff time and necessity of information) (see also 
subsection 4.3.2). The hierarchical model structure in Figure 6.2 is based on 
two levels, viz. the first level with the recreation module, and the lower 
level which is made up by the three remaining modules and their interrela- 
tionships (natural environment, regional economy, and demography). An example 
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of a hierarchical model approach in the survey from Chapter 2 was presented 
in Section 2*4* This model is concerned with a policy analysis of water man- 
agement in the Netherlands, and included a water distribution module which 
simulates and regulates the balance between the supply and demand of water 
from the different sectors* 

Unfortunately, a direct relationship between the regional-economic module and 
the natural environment module (e*g* the relationship between the natural 
environment and the employment affiliated with recreational activities) will 
be analysed at best marginally in the structure of a hierarchical (or verti- 
cal) design of integration in Figure 6*2* 




Figure 6.2* Outline of a vertical model design of integration* 

The major emphasis in Figure 6*2 is thus placed upon the (partial) dominance 
relationships between the core module and the separate modules, while simul- 
taneity of relationships (interactions) between the modules is neglected* 
Finally, an outline of the satellite concept of integration is presented in 
Figure 6*3 (see also Brouwer and Nijkamp, 1986b)* 

The development of the satellite concept of integration towards an IEM for 
the Biesbosch area consists of three steps: 

(i) the recreational aspects of each activity sector (e*g*, regional econo- 
my) are identified* This implies the determination of the recreational 
aspects related to the regional- economic module, the natural environ- 
ment module, and the demographic module respectively* The recreational 
aspects of the regional-economic module may include, for example, the 
amount of money spent by recreationers for food and the maintenance of 
boats; the recreational aspects of the natural environment module may 
determine the level of the set foot on different types of shores in the 
Biesbosch area* The recreational aspects related to the demographic 
module may be spatially classified in terms of the demographic nature 
of recreationers (e*g*, their age or their level of education); 

(ii) the recreational aspects from the separate modules are combined in one 
integrated recreational module, which is the core module of the analy- 
sis; 
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(ill) the other aspects of the analysis of the separate modules are operatio- 
nalized in the final step* For instance, the mutual dependence between 
the regional-economic and the demographic module may include a balance 
between the supply of and the demand for employment in the Biesbosch 
area, depending on the level of recreational activities as well as on 
other types of employment* A change in supply of recreational facili- 
ties (which is part of the regional-economic module) may influence 
vegetation or types of banks (which is part of the natural environmen- 
tal module)* 



RE 



R 



I 



RECREATION 



4r 







R = Recreation; RE = Regional economy; 

D ■ Demography; NE = Natural environment* 

Figure 6.3. Outline of the satellite model design of integration* 

The monodisciplinary relationships are covered in steps (i) and (ii), while 
the relationships which cross the boundary of a single discipline are treated 
in step (iii)* The first stage of the definition and evaluation of a systems 
model for the Biesbosch area deals with the definition and structure of a 
system, according to stage 1 from Figure 4.4. 

A systems model is defined in Figure 6*3 with four modules of the systems 
concerned* The structure of the systems model is outlined in terms of the sa- 
tellite design of integration: recreational activities are the key phenomena 
of the model* 

The hierarchical model structure (in accordance with the systems hierarchy 
discussed in Sections 4*2 and 4*4), with interdependent subsystems within the 
satellite concept of integration is based upon three levels, viz*: 
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(i) the first level is the core of the analysis which represents the re- 
creation module; 

(ii) the second level consists of the aspects of the core module which are 
related to the other modules (i.e., the recreational aspects with res- 
pect to regional economy, natural environment, and demography); 

(iii) the third level is based upon the lower level modules and their inter- 
relationships. 

Having formulated the satellite structure at the level of modules, which is 
the design stage for a coherent system in order to analyse the scope of a 
real world phenomenon, the relationships between the individual variables 
will now be formulated. This phase of model operationalization deals with the 
selection and treatment of key phenomena and the selection of the relation- 
ships (see stages 2 and 3 from Figure 4.4). Figure 6.4 below shows the links 
between the successive variables. 




Figure 6.4. Outline of an I EM at the level of variables. 

The four modules from Figure 6.3 are disaggregated at . the level of variables 
in Figure 6.4. 

The 10 variables from Figure 6.4 are interpreted in the following way: 
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RA : recreational attractiveness (a supply variable concerning the availa- 
bility of recreational facilities); 

P : population size; 

REC : demand for recreational facilities; 

EA : environmental attractiveness; 

SA : stimulating regional activities; 

EMP : supply of labour; 

CR : expenditures on consumption goods by recreationers; 

CO : non-consumptive expenditures by recreationers; 

ER : demand for employment, related to recreational activities; 

EO : demand for employment, related to 'other' activities (i.e. not directly 

related to recreational activities)* 

The variables RA and P are exogenous in nature (also called stimulus vari- 
ables), and the other variables are endogenous variables (or called response 
variables ) • 

The recreation module is composed of the variables RA and REC; the demography 
module and the natural environment module are composed of respectively the 
variables P and EA, and the (regional) economy module is composed of the 
variables SA, EMP, CR, CO, ER and EO* 

The variable REC which is part of the recreation module is the core variable 
concerning the impacts between variables, because it either stimulates the 
level of variables in the other modules, or it is the response to the level 
of variables in other modules* 

One of the conclusions from Chapter 3 concerning the evaluation of the IEMs 
from the survey was that appropriate information and adequate experiments in 
modelling environmental phenomena and processes are rather scarce, because of 
the complexity and variability of environmental systems* Table 3*2, for exam- 
ple, mentioned that the use of simulation models is, in such cases, a widely 
used and relevant tool in modelling environmental processes* 

A dynamic simulation model will be presented below in terms of linear differ- 
ence equations for the variables discussed above from the four mentioned 
modules* It has been developed on the subject of modelling environmental 
phenomena due to scarcity of reliable information and adequate experiments 
concerning the variables* 

In the sequel of this chapter the relationships between variables from Figure 
6*4 will be analysed in various ways, depending on the precision of informa- 
tion on the impacts* 

A dynamic simulation model of an I EM will be presented below in equation 
6*1, followed by a discussion of the individual equations* 

The model represents an assessment of the impacts exerted by two exogenous 
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variables in long-term regional development. The exogenous variables, which 
are an input for the endogenous variables, are the recreational attractive- 
ness (RA) and the size of population (P). The eight equations from (6.1) will 
be explained briefly below, and they are presented in terms of rates of 
change for variables between period t and period t-1. 



(i) 


SA t = SA t _ 1 ♦ 


“l EA t " “2 (REC t-l" KEC t-2 ) + °3 


(ii) 


EA t “ E Vl + 


6 1 SA «- “ *1 (BBC -DEC ) - 6, (REC -REC ) + 0 

it 2 . t t-1 3 t-1 t-2 4 


(iii) 


REC^ * RE c t _ ^ 


+ Y <SA -SA ) + Y,(EA -EA ) 

- ^(“WEA^) + Y 4 RA t+ Y s P t 


(iv) 


EMP = EMP 
t t-1 


+ «! P (6. 


(v) 


CR * CR + 

t t-1 


6 1 (REC t - REC^ ^ 


(vi) 


co t “ c Vi + 


T1 1 (REC t - rec^__ 1 ) + n 2 (CR t - CR t-1 ) 


(vii) 


ER t - ER t + 


X (REC -REC ) + X (EMP - EMP ) + X (CR - CR ) 

1 t t* i 2 ^ t" 1 3 t t** I 



+ X (CO -CO ) + X (EO -EO ) + XRA 
4 t t- 1 5 t t- 1 6t 

(viii) EO t * EO^ + y <1 (EMP t - EMP^) + p (ER^ - ER ) 



The rate of change in the development of regional activities will be stimula- 
ted by means of an increase of the level of environmental attractiveness as 
well as the recreational attractiveness, and it will be discouraged by an 
increase in demand for recreational activities (equation (i) in (6.1)). 

The rate of change in the development of environmental attractiveness (in 
equation (ii)) is determined by the level of stimulating efforts for regional 
activities, the rate of change of the demand for recreational facilities, and 
the level of recreational attractiveness. 

The rate of change in the demand for recreational facilities in equation 
(iii) is related to the rates of change in stimulation of regional activities 
and environmental attractiveness, as well as to the levels of recreational 
attractiveness and population. 

The rate of change in the supply of labour force is determined by the popula- 
tion size (in equation (iv)). 

Equation (v) denotes the rate of change in the expenditure for consumption 
goods by recreationers , and that variable is determined by the rate of change 
of the demand for recreational facilities. 
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The rate of change concerning the non-consumptive expenditures by recreation- 
ers (in equation (vi)) is a function of the rates of change in the demand for 
recreational facilities and the expenditure for consumption goods by recrea- 
tioners • 

The demand for employment, according to the two types of recreational activi- 
ties is described by the equations (vii) and (viii). 

The rate of change in the demand for employment related to recreational acti- 
vities (in equation (vii)) is determined by the rates of change of demand for 
recreational facilities, supply of labour, and expenditures by recreationers 
for consumption goods respectively, as well as non- consumptive goods, and the 
level of recreational attractiveness. 

Finally, the demand for employment related to 'other' activities in equation 
(viii) is a function of the rates of change of the supply of labour and the 
demand for employment related to recreational activities. 

A matrix representation of the dynamic simulation model (6.1) with first-or- 
der and second-order time lags is given below in model (6.2). 



1 


-«1 


0 


0 


0 


0 


0 


0 ' 




SA " 




‘ 1 


0 


-a 2 0 


0 


0 


0 


0 




SA 




1 


CM 

00. 


0 


0 


0 


0 


0 




EA 




0 


1 


8 2 -&3 0 


0 


0 


0 


0 




EA 


-Yl 


-*2 


1 


0 


0 


0 


0 


0 




REC 




-Yl 


-Y 2 -Y 3 1 0 


0 


0 


0 


0 




REC 


0 


0 


0 


1 


0 


0 


0 


0 




EMP 


= 


0 


0 


0 1 


0 


0 


0 


0 




EMP 


0 


0 


~ e l 


0 


1 


0 


0 


0 




CR 




0 


0 


— £ x 0 


1 


0 


0 


0 




CR 


0 


0 


" n l 


0 


-n 2 


1 


0 


0 




CO 




0 


0 


-Tlx 0 


-n 2 


1 


0 


0 




CO 


0 


0 


"*1 


-x 2 


~*3 


-a 4 


1 


”*5 




ER 




0 


0 


-Al -X 2 


-*3 


-a 4 


1 






ER 


0 


0 


0 


-•*1 


0 


0 


-m 2 


1 




EO 




0 


0 


0 "Ux 


0 


0 


-y 2 


1 




EO 



0 0 a 2 0 0 0 

o o e 3 0 0 0 

0 Y3 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 





SA " 




013 0 




EA 




84 0 




REC 




Y3 Y4 




EMP 


+ 


0 ■« l 




CR 




0 0 




CO 




0 0 




ER 




Ac 0 




EO 




0 

0 



t-2 




( 6 . 2 ) 



Integrated simulation models have been developed to identify the impacts of 
development alternatives upon social, economic and environmental systems. 
Some applications concerning the socio-economic and environmental consequen- 
ces of development alternatives by means of simulation approaches were dis- 
cussed in Sections 2.3, 2.7, 2.11, 2.12 and 2.14. The main relevance of inte- 
grated simulation models concerns the ability of such models to represent the 
relationships between economic, demographic, social and environmental phenom- 
ena in a systematic way (see also Lonergan, 1983 who presented a simulation/ 
optimization model for natural resource planning). 
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The causal model structure of the stimulus-response relationships of an inte- 
grated system reproduced in equation (6.2) will be analysed in the following 
section. The causal systems structure will be analysed for a set of stimulus- 
response relationships to determine whether interdependencies exist between 
variables and to examine out the hierarchical ordering of the variables, when 
only binary information is available. 

6.3. CAUSALITY ANALYSIS OF AN INTEGRATED ENVIRONMENTAL MODEL 



The causal links of an IEM for the Biesbosch area at the level of variables 
were outlined in Figure 6.4 by means of stimulus-response relationships, and 
such links reflect the hierarchical nature of the model in terms of dependen- 
cies and interdependencies. The relevance of the use of graph theory for the 
interpretation of systems models when only binary information is available - 
such as the outline of an IEM in Figure 6.4 - was discussed in subsection 
5.2.2. 

The graph representation of the stimulus-response relations of the ten vari- 
ables depicted in Figure 6.4 may be denoted by the adjacency matrix A with 
elements a^j (i, j«1, • • • ,10) which is defined as: 

fl if an edge exists from vertex j into vertex i (i, j»1,...,10) 

^ \o if otherwise. 



The adjacency matrix of a graph G, denoted by A(G) , is presented below. The 
empty cell-elements from the matrix are zero. 

A representation of the causal modeL structure, which is based on the same 
definition as the adjacency matrix, is a graph G. Such a graph is defined by 
a set of vertices V * (v 1# ..., viq) and a set of edges E * (e 1# ..., e 2 i)/ 
and is depicted in Figure 6.5 (a). The elements 1 to 10 in the figure are the 
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1 « RA 

2 « P 
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4 - EA 

A(G) - 5 « REC 

6 - EMP 

7 * CR 

8 * CO 

9 - ER 

10 - EO 
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vertices which belong to the set V, and the edges ((1,3), (1,4), •••, (10,9)) 
with 22 elements belong to the set E* The numbers in Figure 6*5 (a) corres- 
pond to the variables from the adjacency matrix A(G). 

Figure 6. 5 (a) shows two sets of interdependent variables, viz* one set with 
the variables (SA, EA, HEC) and another set with the variables (ER, EO). 
These two sets of variables are also called the strong components of the 
graph, because the variables from such a set are mutually dependent, and they 
correspond to an maximally connected directed subgraph* The graph where all 
these interdependencies are deleted but represented in terms of blocks, is 
called a reduced graph* 





Figure 6 *5 (a) Graph-representation 
of the stimulus- 
response relationships 
G = (V,E) • 



Figure 6*5(b) Reduced-graph represen- 
tation of the stimulus- 
response relationships • 



The reduced graph which is derived from the graph in Figure 6*5 (a) is pre- 
sented in Figure 6*5 (b)* The properties derived from the reduced graph are 
useful for a hierarchical model representation, and the properties derived 
depend only on the causal links between variables* A reduced graph denotes 
the causal links - in terms of recursive model characteristics - between 
blocks of variables. 

The recursive causal model structure will be analysed now by means of a top- 
down or hierarchical approach (Gilli, 1984). It is an iterative procedure to 
discriminate between the causal links, which relate blocks of variables with 
each other* An initial stage of the top-down approach is the reduced graph 
representation, and the exogenous variables are excluded from the reduced 
graph in the first iteration* The result from this exclusion process leads to 
a new set of stimulus- response relationships between the remaining variables, 
and this stage is called the first level* The first level becomes input for 
the second iteration, etc* The succeeding levels are obtained by variables 
which exclusively control the remaining variables, and this phenomenon is the 
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reason that 
chy. 

Iteration 1 : 



Level 1: 



Iteration 2: 



Level 2: 



the hierarchical approach will also be called a top-down hierar- 



Construction of the adjacency matrix A(Gr) of the reduced 
graph in Figure 6.5 (b). The indegree from a vertex is defined 
by the number of edges coming into the vertex. The adjacency 
matrix becomes in that case: 



A(G R ) 



1 

2 

3*4,5 

6 

7 

8 

9,10 



0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
1 1 0 0 0 0 0 
0 1 0 0 0 0 0 
0 0 1 0 0 0 0 
0 0 10 10 0 
10 11110 



indegree 

0 

0 

2 

1 

1 

2 

5 



The variables 1 and 2 are excluded in the first iteration of the 
top-down hierarchy, because they exclusively control the other 
variables, and have indegree equal to zero. The variables 1 and 
2 are exogenous in nature for all remaining variables in the 
analysis, and they are therefore excluded in the first itera- 
tion. 



Construction of the reduced graph as well as the adjacency ma- 
trix concerning the remaining variables, when the variables 1 
and 2 are excluded: 



(3,4,5) 




3*4,5 

6 

A(G R ) - 7 

8 

9,10 



0 0 0 0 0 
0 0 0 0 0 
1 0 0 0 0 
10 10 0 
11110 



indegree 

0 

0 

1 

2 

4 



The variables (3,4,5) and 6 have a zero indegree, which means 
that the other variables from iteration 2 will not influence 
these variables. The two sets with the variables (3,4,5) and 6 
are excluded, because they are input to the remaining variables 
at this level. 
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Iteration 3 : Construction of the reduced graph and adjacency matrix when the 
variables (3,4,5) and 6 from the previous level are excluded: 



Level 3: 



7 




indegree 
7 0 0 0 0 

A(G r ) = 8100 1 

9,10 110 2 



Variable 7 is input to the remaining variables from iteration 3. 
It will be excluded after iteration 3 because its indegree now 
becomes zero when all previous variables are excluded. 



Iteration 4 : Construction of the reduced graph and the adjacency matrix when 
variable 7 from the previous level is excluded: 

indegree 
8 0 0 0 

8. >. (9,10) A(G r ) = 9,10 1 0 1 

Level 4 : Variable 8 will now be excluded and the set of variables (9,10) 

is the remaining one. The nature from this set of variables 
is determined by all other variables which are excluded in prev- 
ious stages. 



A summary of the stages is presented in Table 6.1. 



Table 6.1. Top-down hierarchy of the variables from Figure 6.5. 



Level 


Variables excluded 


mm 


RA, P 




(SA, EA, REC), EMP 


HH 


CR 




CO 


5 


(ER, EO) 



The hierarchical model structure concerning the stimulus-response relation- 
ships of the I EM from Figure 6.4 is shown by means of the top-down represent- 
ation in Table 6.1, when moving from level 1 to level 5. The exogenous vari- 
ables RA and P, which exclusively determine the nature of the other varia- 
bles, are shown in the first level. The second level shows the variables 









- 146 



which determine the nature and stimulus-response pattern of the remaining 
variables* This level shows that the variables SA, EA, REC and EMP are an 
input to the variables CR, CO, ER and EO; they stimulate the nature of lower 
level variables, without being affected by them* 

Lower level variables from Table 6*1 are an input to the higher level varia- 
bles and this phenomenon denotes the hierarchical model structure of the IEM 
outlined in Figure 6*4* 

The variables RA and P, which are part of the recreation and the 
demography module respectively, are an input to the variables from the other 
modules* Three modules are mutually dependent, i*e* the environmental, the 
regional-economic and the recreation module are mutually related by means of 
the variables EA, SA, and REC, which are also input to the variables CR, CO, 
ER and EO in the economic module* 

Having discussed now the causal model structure of the stimulus- response 
relationships from Figure 6*4, the systems model from (6*2) will be analysed 
in the following section when qualitative information is available* 

6.4. ANALYSIS OF AN INTEGRATED ENVIRONMENTAL MODEL WITH QUALITATIVE INFORMA- 
TION 



A causality representation of an IEM based on a systems model was discussed 
in the previous section when binary or zero/one relationships are the only 
information about the impacts between variables. A hierarchical representa- 
tion of the impacts between variables was presented in Table 6*1* Graph theo- 
ry is a useful tool in the case of zero/one information in order to trace 
interdependencies, as well as the various hierarchical levels of stimulus- 
response relationships* Additional information may also be available with 
respect to the signs of the impacts between variables* A qualitative approach 
is an appropriate way of dealing with a weak database, and it may be used to 
determine the impacts of policy instruments on response variables in terms of 
positive, negative or zero 'values'. 

The relevance of the sign-solvability approach to deal with analytical or 
policy aspects of systems models was already discussed in subsection 5*2*3* 
However, the conditions for sign- solvability with qualitative information are 
rather strict* This was recently fully explored in a dynamic simulation model 
of urban decline discussed by Brouwer and Nijkamp, 1986e, which appeared to 
be not sign-solvable when only qualitative information about the impacts was 
available. It was demonstrated however that a dynamic model may become - at 
least partially - sign-solvable when a mixture of qualitative and quantita- 
tive information is available. 
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The conditions of sign-solvability will be applied to the simulation model of 
an IEM, which was presented in Section 6.2. When the reduced form of the 
simulation model is sign-solvable, it will be possible to determine the qua- 
litative impacts from the exogenous variables and the lagged endogenous vari- 
ables on the endogenous variables* 

Table 6.1 in the previous section summarized the hierarchical structure of 
the simulation model when moving from level 1 to level 5. The conditions of 
sign-solvability of lower level variables can be analysed independently of 
higher level variables, and this characteristic means that the conditions of 
sign- solvability can also be applied in this case to parts of the simulation 
model. The conditions of sign-solvability with purely qualitative information 
will now be further elaborated. The first condition of sign-solvability is 
that all diagonal elements of the impact matrix shall be negative, because 
that matrix will be inverted (see also subsection 5.2.3). This condition 
holds here when the signs in all columns of the matrices in (6.2) are rever- 
sed. Lancaster (1962) has shown that this type of sign reversements multi- 
plies a variable by -1, and does not have any effect whether or not the sys- 
tem is sign-solvable. 

The model in (6.2) then can be transformed into (6.3). 
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(6.3) 



Model (6.3) can in matrix terms be denoted by: 
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A y t - B y t ^ 1 + c y + D x t ' (6.4) 

or it can also be represented into submatrices by means of a matrix decompo- 
sition as: 

An 0 
A 2 1 A 22 

t t-1 t-2 



y i 
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B u 


0 
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c u 0 


y l 
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d ll 


d 12 


RAt 


y 2 




b 21 


b 22 


*2 




0 0 


y 2 




*21 


d 22 


P t 



The submatrices of the matrix A in model (6.5) can be denoted in qualitative 
terms by: 



sign (An) “ 


- + 0 0 
+ 0 


, sign (A 2 i ) = 


0 0 + 0 
0 0 + 0 


, sign (A 22 ) = 


-000 
+ - 0 0 




+ + - 0 
0 0 0 - 




0 0 + + 
0 0 0 + 




+ + - + 
0 0 + - 



Sign-solvability of the model in (6.4) means that the vector y t can be 
expressed in qualitative terms as: 



y t = A _1 B y t _ 1 + A _1 C y t _ 2 + A _1 D 



( 6 . 6 ) 



The matrix decomposition mentioned in (6.5) shows that the sign-solvability 
conditions of the model in (6.3) can also be analysed in two steps, viz. for 
vector y-j and y 2 successively. The first step in the sign- solvability ap- 
proach to solve for vector y*j is based on: 



Ay = B y +Cy + d RA + d P , 

11 1,t 11 1,t-1 11 1,t-2 11 t 12 t 

or, because matrix An is non-singular: 



(6.7) 



y 1,t A 11 B 11 y 1,t-1 + A 11 C 11 Y 1 , t-2 + A 11 d 11 + A 11 d 12 P t' 



( 6 . 8 ) 



with y it a vector incorporating the variables SA, EA, REC and EMP for pe- 
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riod t. Sign-solvability of the vector y lt may exist, independently of the 
fact whether the conditions of sign- solvability hold for the vector y 2 t* 

The vector y 2t is a vector incorporating the variables CR, CO, ER and EO. 
This vector of variables refers to the second part of the equations in (6.5), 
viz. : 



21 



y + 

y l,t 



A 22 y 2,t 



21 



By + d 

22 * 2 , t- 1 21 



RA t + 



d 22 P t' 



(6.9) 



or, since matrix A 22 is non-singular: 






“ A 22 A 21 y 1,t +A 22 B 21 y 1,t-1 +A 22 B 22 y 2,t-1 +A 22 d 21 RA t +A 22 d 22 P t 



( 6 . 10 ) 



A graph representation concerning the qualitative impacts between the var- 
iables SA, EA, REC, EMP, CR, CO, ER and EO - denoted by matrix A in equation 
(6.4) - is depicted in Figure 6.6. 




Figure 6.6. Graph representation of the qualitative impacts between the 
variables of matrix A. 

The qualitative impacts in Figure 6.6 show whether the inverse of matrix A 
from equation (6.4) can be determined uniquely when only qualitative inform- 
ation is available. Matrix A can be inverted in a qualitative way when the 
two first conditions of sign-solvability (discussed in subsection 5.2.3) hold 
in the graph representation depicted in Figure 6.6. 

The first condition of sign-solvability holds for all variables in Figure 
6.6, because all main diagonal elements of the matrix A are negative. How- 
ever, the second condition of sign-solvability, viz. that all cycles of at 
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least length two be non-positive, does not hold for the graph representation 
in Figure 6.6. This can easily be seen because the cycles SA-EA-SA and ER-EO- 
ER, which are cycles with length two, are both positive* 

The inverse of the matrix A is therefore not defined up to the signs of cell- 
elements and the model in (6*4) is not sign-solvable, i*e., the vector y^ 
cannot be expressed in qualitative terms by means of yt-i' ?t-2 and 
just like the reduced-form model in (6*6)* 

Figure 6.6 also shows that partial sign- solvability with qualitative informa- 
tion does not exist either, because the second condition of sign- solvability 
does not hold for the variables SA, EA, and REC* 

However, a systems model like the I EM systems model as mentioned in (6*3), 
which is not sign-solvable in a pure qualitative sense, may become at least 
partially sign- solvable, when a mixture of qualitative and quantitative in- 
formation is available* Such quantitative information concerning parameter 
values may be obtained from prior knowledge or theoretical evidence, or be 
based on estimates or assessments* 

Parameter assessments of the simulation model (6*3) are presented in Table 

6 . 2 . 



Table 6*2* Parameter assessment of the simulation model* 
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The sign-values of the reduced-form equations in model (6.6) are evidently 
uniquely determined when the parameter assessments from Table 6*2 are in- 
cluded* The sign-values of the reduced form in equation (6*8) then become: 
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( 6 . 11 ) 
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The reduced form equations in (6.11) and (6.13) - denoted in qualitative 
terms - for example - show, that an increase of environmental attractiveness 
(EA) during period t-1 will in the next period lead to an increase of the 
following variables: stimulating efforts for regional attractiveness (SA) and 
environmental attractiveness (EA) ; it will also lead to a decrease in value 
of the following variables: demand for recreational facilities (REC), expen- 
diture for consumption goods (CR) and non-consumption goods (CO) by recrea- 
tioners as well as the demand for employment, either related to recreational 
activities (ER) or to 'other' activities (EO). 

An increase of population size (P) during period t will lead to a decrease of 
the variables SA and EA, and to an increase in value of all other endogenous 
variables of the I EM which were specified in model (6.1). 

However, some mathematical tools discussed in subsection 5.2.3 may become 
helpful in the sign-solvability process to rewrite model (6.2) into (6.11) 
and (6.13). The first one is a matrix permutation and matrix decomposition 
procedure to rearrange equations and variables to give a hierarchical model 
representation (see equations (5.7) and (5.8) in subsection 5.2.3). The simu- 
lation model in (6.2) is already written in a hierarchical form (see for 
example Table 6.1 with a hierarchical representation of the variables and 
lower level variables which are an input to higher level variables). Sign- 
solvability of the vector yi with variables SA, EA, REC and EMP in equation 
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(6*11) can be analysed Independently of the other variables* However, the 
graph representation of the qualitative impacts between variables, depicted 
in Figure 6*6, shows that model (6*7) is not sign-solvable with purely quali- 
tative information, because the second condition of sign- solvability does 
not hold either* 

The second point mentioned in subsection 5*2*3 deals with the use of a mix- 
ture of qualitative and quantitative information, and makes a distinction in 
a top-down and a bottom-up approach, so as to assure that a qualitative sys- 
tems model may become sign-solvable in a number of steps by means of a se- 
quential introduction of numerical information on parameter values* 

The inverse of the matrix An in equation (6*7) has to be determined in the 
reduced-form representation in equation (6*8), and is equal to: 





' -<i + B 2 y 2 ) 


““l 


Vi 


0 


1 


0 2 V e i 


-1 


0 2 


0 


dettA^) 


-(Yi+BiV 


•'Wi 1 




0 


0 


0 


0 


-det(A 



where det(A^) is the determinant value of the matrix A^, which is equal to: 

det(A 11 > « 1 + * 2 ^2 + 6 2 Y 1 “-I " “l S 1* (6.16) 

The inverse of matrix in equation (6*15) shows that quantitative informa- 
tion concerning the parameter values of the equations for the endogenous 
variables SA, EA and REC is necessary in order to determine whether the var- 
iables from the reduced form equations can be solved in a qualitative way. 
Eight steps for the sign- solvability analysis of the simulation model are 
presented in Table 6*3 below by means of a sequential introduction of quanti- 
tative information* This stepwise procedure shows the variables which are 
relevant with respect to the sign-solvability analysis of the simulation 
model* The undetermined cell-entries of the matrices M 1# M 2 , M 3 , Kj, K 2 , K 3 , 
and (defined in respectively equations (6*12) and (6*14)) are computed in 
each step when the parameter assessments from various parameters are used* An 
empty block in any column of Table 6.3 means that the corresponding matrix 
has no cell-entries which are undetermined regarding their signs* The use of 
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quantitative information when moving from step 1 to step 8 in Table 6.3 shows 
that an originally not-sign-solvable system with quantitative information 
regarding the parameters a, 0 and y (in step 1 ) may become sign- solvable 
when additional quantitative information regarding the parameters X and y (in 
step 8 ) is also included. 

The table shows that the vector yj in equation (6.12) with variables SA, EA, 
REC, and EMP is sign-solvable when quantitative information of the parameters 
a, 0, and y is used (see step 1 in the table). It also shows that the use of 
more quantitative information will not necessarily improve sign-solvability. 
Consider for example the results of step 1 and step 2, with the difference 
that the parameter assessment of » 0.025 is introduced in step 2. However, 
both analyses have the same unknown cell-entries from matrices K 2 , K 3 and Ki*. 
The same conclusion holds by comparing step 1 and step 3 (when the parameter 
assessment of is included), step 1 and step 4 (by inclusion of the para- 
meter assessment of 0 ^ and r^)/ step 1 and step 5 (by inclusion of e^, and 
n 2 ) , step 1 and step 6 (by inclusion of Xj, X 2 , X3, X^, X 5 , and Xg) and step 
1 and step 7 (by inclusion of and It appears from the analysis that 

sign- solvability exists for the simulation model when quantitative informa- 
tion is used with respect to the parameters mentioned in step 8 from Table 
6*3. This means that information on the signs of the parameters e 1# $ 1 * 
and n 2 (all considered to be positive) is sufficient for the sign-solvability 
procedure • 

The use of a matrix decomposition or matrix permutation procedure as well as 
of available quantitative information provides new tools for a qualitative 
policy impact analysis. A stepwise procedure - such as the one presented in 
Table 6.3 - may be employed in order to obtain solutions for the sign-solva- 
bility approach. 

Qualitative calculus, and especially sign-solvability analysis, may solve 
IEMs with a dynamic nature and qualitative information regarding the impacts 
between variables. The tools discussed in this section in the frame of a 
dynamic simulation model are relevant in modelling environmental phenomena to 
achieve sign-solvability. 
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Table 6.3* Mixed level of information and sign-solvability analysis. 
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6.5. CONCLUDING REMARKS 



The design of an integrated modelling approach was developed in this chapter 
with a modular representation of the phenomena concerned. The phenomena se- 
lected in case of the Biesbosch area are basically directly or indirectly 
related to the recreational activities in that area. The phenomena which are 
considered to be relevant for the recreational level (pattern and behaviour) 
are (regional) economic activities, demographic and environmental phenomena. 
The first topic mentioned in this chapter was the presentation of the outline 
of such an I EM in terms of the satellite design of integration, and which was 
actually showed to be a hierarchical systems representation with lower level 
links between modules also being covered. 

The links between variables are interpreted in terms of the model interdepen- 
dencies, and such interdependencies will trace out a hierarchical structure 
if that in fact exists. The structure of the links mentioned are being anal- 
ysed in a systematic way for the graph approach. A simulation model is devel- 
oped which is based on the links between variables from the systems design. A 
sign-solvability approach has been presented to determine the qualitative 
impacts of the lagged endogenous variables as well as the exogenous variables 
on the endogenous variables. However, this sign-solvability approach becomes 
especially relevant for integrated environmental modelling when the hierar- 
chical outline of the stimulus-response relationships will be used to trace 
partial sign- solvability, and when a mixture of qualitative and quantitative 
information is available, because of the severe restrictions on sign-solva- 
bility when only qualitative information is available. 

The graph approach for the analysis of the binary relationships has shown its 
relevance in this chapter for the investigation of an hierarchical model 
structure which will be used in the sign-solvability approach to determine 
the qualitative model representation. 

Having discussed in this chapter the design and the stimulus- response rela- 
tionships of an IEM approach with various levels of information, some tools 
will be further elaborated in the next chapter with respect to the operation- 
alization of the modules from Figure 6.3. 
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CHAPTER 7. OUTDOOR RECREATION IN THE BIESBOSCH AREA 
7.1. INTRODUCTION 

Outdoor recreational activities are connected with the supply of and the 
demand for natural resources. Examples of outdoor recreation which may stress 
natural environment are visits to national parks, and activities in lakes 
such as fishing, swimming or canoeing (Murphy, 1985). Natural resources which 
may be relevant for recreational purposes are, among others, forests, can- 
yons, lakes or bays (see also McConnell, 1985 for an exposition of outdoor 
recreation in the frame of natural resources). The definition of outdoor 
recreation with its dependency on natural resources means that recreational 
activities such as tennis or golf are of only limited relevance, because 
usually they do not have direct links to natural resources. 

The regional-economic relationship between outdoor recreation and nature 
conservation will be analysed in this chapter by means of a model framework 
for the Biesbosch region in the Netherlands, in terms of the perception, the 
preference, and the motivation of recreationers to spend their leisure time 
in that area. 

Recreational activities are the main elements of the analysis, in accordance 
with the outline of the satellite model design of integration, as it has been 
presented in Figure 6.3 at the modular level and in Figure 6.4 at the level 
of variables. A survey analysis is a useful tool to explore the perception, 
the preference, and the behaviour of recreationers in a spatial context with 
respect to outdoor recreation, economic activities and nature conservation. 
Therefore a survey was organized in the Biesbosch area during the summer of 
1983 concerning the spatial pattern of the recreational activities. The total 
sample size of the survey was about 400 respondents. The Biesbosch area is 
subdivided into 5 regions to be able to present a spatial characterization of 
outdoor recreation. A counting was also organised in that period with respect 
to type of boat, use of banks and type of recreational activities. The Bies- 
bosch area is subdivided into 11 regions. 

The satellite design of integration of an I EM for the Biesbosch area was 
presented in Figure 6.3 in terms of modules. The recreation module is the 
core component and three other modules (viz., demography, regional economy, 
and natural environment) depict the lower levels in this hierarchical model 
outline, because they are based upon recreational activities. 

Some graph-theory based tools have been used in the previous chapter, to ela- 
borate an I EM when binary or qualitative terms are the only available infor- 
mation with respect to the impacts between variables. The tools used in that 
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chapter are an analysis of the causal model structure, reflecting the nature 
of model dependencies and interdependencies, and an analysis of a model 
represented in qualitative terms. These tools are especially relevant in the 
subject of modelling environmental phenomena, due to the scarcity of reliable 
information and adequate experiments concerning the time pattern of the var- 
iables. 

However, some additional topics were presented in Sections 5.3 and 5.4 upon 
the integration of economic and environmental phenomena, viz. the non-metric 
or discrete nature of information from surveys, and the multivariate nature 
of information in multidisciplinary systems. 

The aim of this chapter is to analyse the outdoor recreation in the Biesbosch 
area in a spatial context. The level of recreational activities may be deter- 
mined by various environmental phenomena such as, for example, the character- 
istics of landscape or the presence of plants and animals, and by the pre- 
sence of recreational facilities. The various tools which have been presented 
in Sections 5.3 and 5.4 are being used in the next sections to analyse, among 
others, the demographic nature of the recreationers, and the relevance of 
environmental characteristics for recreational activities. 

The first issue, to be discussed in Section 7.2, is an exploratory analysis 
on the demographic and socio-economic characteristics of the recreationers. 
The spatial scale covers the various subregions of the Biesbosch area. Out- 
door recreation also has an economic component, and the place where the re- 
creationers from the survey make their daily purchases will be analysed also. 
The place where the recreationers make their daily purchases will be cross- 
classified with the duration of their stay and the distance between the home 
address and the Biesbosch area. 

The second issue, to be discussed in Section 7.3, has to do with the rele- 
vance of various phenomena to spend a period in the Biesbosch area. The phe- 
nomena which may determine the choice of residence are, among others, the 
availability of recreational facilities, the nature of landscape, the ecol- 
ogical characteristics or the distance to the home address. The phenomena 
mentioned are represented in a spatial context, and be analysed by means of 
the HOMALS program. 

The specific natural resources in the Biesbosch area, with respect to outdoor 
recreational activities, are the type of banks where boats can be laid (wil- 
low-trees, reed vegetation, landing-stages, beaches, e.g.). The banks are 
being used by different types of boats (either motorized or unmotorized 
boats) , and they may also be used by the recreationers for a wide range of 
activities (among others, fishing, swimming, walking, or playing football). 
The spatial phenomena are therefore multivariate in nature, and a multidimen- 
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sional scaling procedure is presented also in this section with respect to 
these variables. The purpose is to define the underlying structure from the 
multivariate phenomena. The information is obtained from counts at a spatial 
disaggregated scale with the Biesbosch area being subdivided into 11 sub- 
regions. 

The causal structure between the type of boat, the type of banks where the 
boats can be laid and the type of recreational activities, will be analysed 
in Section 7.4 by estimating a path model. 

The relevance of the various tools, which are presented in this chapter 
within the framework of an integrated environmental modelling approach with 
respect to outdoor recreation in the Biesbosch area, will be evaluated in 
Section 7.5. 

7.2. A SPATIAL CHARACTERIZATION OF OUTDOOR RECREATION 



The demographic nature and the perception of recreationers concerning outdoor 
recreation in the Biesbosch area will be explored in this section in a spa- 
tial context. As already mentioned in the introductory section, a survey was 
organized during the summer of 1983 with recreationers who spent their lei- 
sure time in the Biesbosch area (Van der Linden and Van Eijk, 1984). The 
survey was held during six days to characterize the various periods in the 
summer (i.e., the days before and during public holidays), and also in five 
sub-areas to characterize the various areas in the Biesbosch. 

A characterization of the respondents from the survey according to the areas 
of visit and the period of the year is presented in Table 7.1. 



Table 7.1. Respondents in the survey according to the area of visit and the 
period of the year. 



Area Day 


June 1 1 


June 25 


July 13 


July 16 


August 

10 


August 

13 


Total 


Rietplaat 


35 


19 
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14 


35 
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1 
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2 


19 


Keesjes Killeke 
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23 
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26 
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Merwelanden 


16 


24 
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0 


78 


Zuidhollandse 


8 


12 
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1 


5 


2 


28 


Biesbosch 
















Total 


100 


88 


47 


72 


74 


4 


385 



The Rietplaat area is located in the central part of the Biesbosch region, 
having a lot of recreational facilities with beaches and picknick places, as 
well as wide water with good sailing facilities. The area named Honderddertig 





























is very quiet in nature, because it has only limited entrance possibilities 
for motorized boats* The quiet nature of this area may be a well founded 
reason of the small number of respondents in the survey of only 19 out of the 
total sample size of 385* The area Keesjes Killeke is located in the centre 
of the Biesbosch region with all types of boats allowed to stay there* How- 
ever, this area differs from the Rietplaat area because it has no recreation- 
al facilities* 

The areas Merwelanden and Zuidhollandse Biesbosch have been chosen to be 
included in the survey, since these two areas are spatially separated from 
the three other areas* These two areas may therefore show a difference in 
recreational patterns* The accessibility of the Zuidhollandse Biesbosch, for 
example, is rather poor, and the recreational activities in this area may for 
that reason be rather small in nature. 

Figure 7.1 shows the percentage distribution of the distance between the home 
address and the Biesbosch area of the respondents* The percentage distribu- 
tion is presented for each of the five regions of the survey, as well as for 
the total sample size* 

Figure 7*1 shows that the major part of the recreationers live at a distance 
of less than 20 kilometers from the Biesbosch area* For the area Merwelanden 
even more than 50 percent of the respondents stay less th?n 10 kilometers 
from their home address* This phenomenon indicates that the Biesbosch area 
especially has a regional relevance for recreationers* 

A classification of the recreationers of the survey with respect to their age 
and their level of education is presented in Table 7*2 in a multidimensional 
contingency table with size 5x3x3* The variables 'area of visit', 'age' and 
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Ke#« jsi Ki.Ll.ft* Lancton 




Fig. 7.1c. Distance between Reesjes 
Kill eke and home address. 



Fig. 7. Id. Distance between Merwe- 
landen and home address. 
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Fig. 7.1e. Distance between Zuidhollandse Fig. 7. If. Distance between Bies- 
Biesbosch and home address. bosch and home address. 



Figure 7.1. Distance between Biesbosch area and home address for recreation- 
ers. 

'level of education' are successively represented by means of A, B, and C. 

An exploratory analysis of the interdependence between the variables from 
Table 7.2 can be expressed adequately in terms of log-linear models with 
main effects and interaction effects. The cell-frequencies which are zero are 
considered to be zero because of the small sample size, and not because of 
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Table 7*2. A multi di m ensional table of recreationers , cross-classified by 
their age and their level of education. 







C = 1 




C - 2 


■HHHHHi 


Total 


B=1 


B=2 


B*=3 


B=1 


B=2 


B=3 


B=1 


H 


B=3 


A=1 


9 


29 


18 


10 


23 




4 


12 


1 


109 


A— 2 


0 


■Q 


1 


4 


1 




1 


7 




17 


A=3 


10 


mm 


19 


17 


21 


12 


mm 


13 




137 


A=4 




HI 


28 


5 


8 




■9 


2 




76 


A=5 




HI 


5 


4 


2 




1 


3 


1 


26 


Total 


28 


77 


71 


40 


55 


24 


22 


37 


11 


365 



Missing values: 24 
B ■ Age: 1 = <29 years; 

2 = 30-50 years; 

3 * >50 years. 

C ■ Education: 1 * primary school; 

2 = secondary school; 

3 * higher education. 

so-called systematic zeroes. The use of log-linear models is an appropriate 
way in case of spatial information to test hypotheses about interactions 
among variables (see also subsection 5.3.3 for an hierarchical set of log- 
linear models with multidimensional contingency tables and nominal informa- 
tion/ and Whittam and Siegel-Causey, 1981 for some examples to analyse spe- 
cies interactions and community structure by making use of log- linear mod- 
els). 

Table 7.3 shows the goodness-of-fit statistics from an hierarchical set of 
locr linear models, which have been fitted to the information of Table 7.2. 
The models are estimated by means of the ECTA computer package with an itera- 
tive proportional fitting procedure. The critical values shown in the last 
column of Table 7.3 are based upon the degrees of freedom which remain after 
having included the mentioned parameters, and the 95 percent level of signi- 
ficance. 

All 18 possible models in the hierarchical set of log-linear models, with 
respect to a three-dimensional table, are presented in Table 7.3. 

Two model selection procedures will be used now to find the most parsimonious 
member from the set of all possible hierarchical log-linear models in a sys- 
tematic way. The selection strategies - to select the models which have a 
satisfactory fit to the observed data - are successively screening and a 
stepwise selection procedure (see also the presentation of the selection 
procedures in subsection 5.3.4). 



A * Area: 1 = Rietplaat; 

2 = Honderddertig; 

3 » Keesjes Killeke; 

4 = Merwelanden; 

5 = Zuidhollandse Biesbosch. 








































Table 7.3. Members of the set of hierarchical log-linear models fitted to 
Table 7.2. 



Model 


G2 


degrees of 
freedom 


critical value 


A + B + C + AXB + AxC + BXC 




16 


26.30 


A + B + C + AxC + BxC 




24 


36.42 


A + B + C + AXB + BXC 


34.65 


24 


36.42 


A + B + C + AxB + AxC 


39.34 


20 


31.41 


A + B + C + BXC 


62.35 


32 


46.17 


A + B + C + AxC 


67.04 


28 


41.34 


A + B + C + AXB 


62.11 


28 


41.34 


B + C + BxC 


225.13 


36 


50.97 


A + C + AXC 


94.62 


30 


43.77 


A + B + AxB 


109.40 


30 


43.77 


A + B + C 


89.81 


36 


50.97 


B + C 


252.58 


40 


43.77 


A + C 


117.39 


38 


53.36 


A + B 


, 137.10 


38 


j 53.36 


C 


1 280.16 


42 


1 58.11 


B 


299.87 


42 


58.11 


A 


1 164.68 


40 


55.76 


Equiprobabi lity 


327.46 


44 


60.44 



Screening is a selection procedure which makes use of the partial and the 
marginal association test statistics, and these two tests can be thought of 
as lower and upper bounds of the conditional G 2 -values. The partial and mar- 
ginal association values for each of the terms, their degrees of freedom, and 
the critical values at the 95 percent level of significance are presented in 
Table 7.4. 



Table 7.4. Partial and marginal association test statistics. 



X -term 


QR| 


Partial association 


Marginal association 


Critical value 


A 




162.78 


162.78 


9.49 


B 




27.59 


27.59 


5.99 


C 




47.30 


47.30 


5.99 


AXB 


8 


12.26 


27.70 


15.5 


AXC 


8 


17.32 


22.77 


15.5 


BxC 


4 


12.01 


27.45 


9.49 


Ax BxC 


16 


17.33 


17.33 


26.3 



When the partial and the marginal test statistics are both large, the corres- 
ponding term then would appear to be required in the model. The main effect 
terms A, B and C, and the first-order interaction terms AxC and BxC are 
therefore likely to be included in the selected model. The first-order inter- 
action term AxB is in need of further investigation, because its partial 
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association is smaller than the critical value, and its marginal association 
is larger than the critical value. The second-order interaction term AxBxC is 
unlikely to be included because both of its test-statistics are smaller than 
the critical value. 

The model A+B+C+Axc+Bxc will be chosen as the base model in the screening 
procedure, and the possibility of adding the first-order interaction term 
between the variables A and B will be investigated with a forward selection 
procedure. The inclusion of the Axb interaction term will lead to a signifi- 
cant decrease in the G 2 -value from the base model. The model selected there- 
fore by screening is A+B+C+Axb+AxC+Bxc with a G 2 -value of 17.33, which is a 
model with 16 degrees of freedom and within the range of acceptance. 

The second model selection procedure is termed stepwise selection of log- 
linear models, and it includes both the forward selection and the backward 
elimination procedures as was already mentioned in subsection 5.3.4. 

The forward selection procedure starts in this case with the log-linear model 
containing all main effects as the base model, and this procedure selects the 
model A+B+C+AxB+Bxc. The backward elimination procedure starts with the log- 
linear model containing all first-order interaction effects as the base mo- 
del. The model selected with this selection procedure which fits the data 
well is also A+B+C+AxB+Bxc. 



Table 7.5. Estimates of the main effects and first-order interaction effects 
(with 'centred-effect' constraints). 



Parameter 


Magnitude of 
the effect 


Standardised 

value 


Parameter 


Magnitude of 
the effect 


Standardised 

value 


A 8 (1) 


.679 


4.551 


A* 8 (1,1) 


-.161 


-.823 


A 8 (2) 


-1.447 


-3.752 


A* 8 (2,1) 


.439 


.987 


A 8 (3) 


1.015 


7.385 


A* 8 (3,1) 


.056 


.319 


A 8 (4) 


.387 


2.519 


A* 8 (4,1) 


-.297 


-1.406 


A 8 (5) 


-.634 


-3.076 


A* 8 (5,1) 


-.037 


-.132 


A B (1) 


-.076 


-.543 


A* 8 (1,2) 


.267 


1.547 


A B (2) 


.507 


3.908 


A* 8 (2,2) 


•632 


1.520 


A B (3) 


-.431 


-2.141 


A* 8 (3,2) 


-.134 


-.824 


A c (1) 


• 434 


3.178 


A* 8 (4,2) 


-.382 


-2.002 


A c (2) 


.079 


.515 


A* 8 (5,2) 


-.382 


-1.435 


A c (3) 


-.513 


-2.752 


A 88 (1,3) 


-.106 


-.412 


A 30 (1,1) 


-.472 


-2.631 


A* 8 (2,3) 


-1.071 


-1.482 


A 80 (2,1) 


-.077 


-.486 


A 88 (3,3) 


.078 


.331 


A 80 (3,1) 


.549 


2.359 


A 88 (4,3) 


.679 


2.751 


A 80 (1,2) 


.239 


1.278 


(5,3) 


•419 


1.296 


A 80 (2,2) 


-.059 


-.333 








A 80 (3,2) 


-.180 


-.660 








A 80 (1,3) 


• 233 


1.040 








A 80 (2,3) 


• 136 


•647 








A K (3,3) 


-.369 


-1.094 
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The most parsimonious model which fits the information from Table 7*2, is 
achieved by the stepwise selection procedure* Parameter estimates for the 
main effects and the first-order interaction effects from that model, as well 
as their standardised values, are summarised in Table 7*5* 

As already mentioned in equation (5*22), the main effect parameters and the 
first-order interaction effect parameters are defined as deviations from the 
overall-mean effect X, which is equal to 1*564* 

A spatial characterization for each of the five Biesbosch sub- areas concern- 
ing the age and the educational level of the recreat loners can be obtained 
from the parameter estimates mentioned in Table 7*5* This will be summarised 
in Table 7.6. 



Table 7.6* Spatial characterization of the recreationers out of the survey, 
with respect to their age and their level of education* 



Area 


Characterization of the interaction effect AxB 


Rietplaat ! 


The number of recreationers in the age group between 30 an< 
50 years is above the average pattern of the survey* 


Honderddertig 


The number of recreationers in the age group below 30 year: 
and between 30 and 50 years is in this area far above the 
average pattern of the survey* 


Keesjes 

Killeke 


The age of the recreationers for the three groups is aroun< 
the average, with the exception of the age group between 
30 and 50 years which is in this area only slightly below 
the average. 


Merwelanden 


The number of recreationers in the age group of more than 
50 years is above the average pattern in this area* 


Zuidhollandse 

Biesbosch 


Same conclusion concerning the age of recreationers 
visiting the area Merwelanden, with the exception that the 
age group of recreationers until 30 years is now just 
around the average of the survey. 



Characterization of the dependency between age and educational level (the 
interaction effect BxC)* 



Age group of recreationers less than 30 years: the recreationers with at 

least secondary school are above the average pattern in this age 
group* 

Age group of recreationers between 30 and 50 years: the recreationers with 
higher education are above the average in this group, and the 
recreationers with lower educational levels are slightly below 
the average in this age group* 

Age group of recreationers above 50 years: the respondents with only 

primary school are far above the average level in this age group, 
and the opposite direction may be indicated from the survey for 
the two other educational levels* 
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A four-way contingency table of size 5x2x2x2 concerning the variables 'area 
of visit' , 'type of boat', 'place to spend the night' and 'distance between 
home address and Biesbosch area' is depicted in Table 7.7, with variables re- 
presented by A, B, C, and D respectively. 

The interdependencies between the variables from Table 7.7 will be expressed 
in terms of an exploratory analysis of log-linear models with main effects 
and interaction effects. The total number of possible models in hierarchical 
log-linear models in, case of a four- dimensional contingency table is 167 
(see Wrigley, 1985, p. 174, where 28 model types of the hierarchical set of 
log- linear models are depicted in case of a four- dimensional contingency 
table) • In such case, a systematic and efficient model selection strategy is 
required. 

Commonly used criteria are parsimony of parameters, goodness- of -fit, simpli- 
city of interpretation, and the inclusion of the significant effects. 

The model selection procedures of the log-linear models to fit the data from 
Table 7.7 are respectively screening and a stepwise selection procedure. 



Table 7.7. A multidimensional table of recreationers , cross-classified by 

type of boats, where to spend the night and the distance to home 
address. 





D * 1 




D = 


= 2 




Total 


c-1 


C = 


= 2 


C - 1 


C = 


= 2 


B=1 


B=2 


B=1 


B=2 


B=1 


B=2 


B=1 


B=2 


A=1 


8 


4 


62 


mm 


4 


1 


28 


3 


116 


A=2 


0 


4 


6 




0 


1 


2 


2 


20 


A=3 


8 


20 


58 




5 


5 


27 


13 


139 


A=4 


10 


10 


43 




0 


0 


5 


1 


75 


A=5 


2 


2 


10 


mm 


1 


3 


3 


3 


28 


Total 


28 


40 


179 


24 


10 


10 


65 


22 


378 



Missing values: 21 

A = Area:1 * Rietplaat; B * Type of boat; 1*speed-boat or motor-boat; 

2 • Honderddertig; 2-sail-boat, row-boat or canoe. 

3 = Keesjes Killeke; 

4 - Merwelanden; 

5 = Zuidhollandse Biesbosch. 

C » Place to spend the night: 1 - spend the night at home; 

2 - spend the night in the Biesbosch area. 

D = Distance between home address and Biesbosch area: 1 = < 30 kilometers; 

2 - > 30 kilometers. 



The partial and marginal association test statistics, which are relevant in 
case of a screening selection procedure, to determine the significance of 
each effect, are presented in Table 7.8. 




































Table 7.8. Partial and marginal association test statistics 



— 
X -term 


d.f . 


Partial association 


Marginal association 


Critical value 


A 


4 


158.63 


158.63 


9.49 


B 


1 


95.63 


95.63 


3.84 


C 


1 


113.78 


113.78 


3.84 


D 


1 


73.58 


73.58 


3.84 


AxB 




25.10 


28.88 


9.49 


AXC 




3.84 


7.51 


9.49 


AXD 




23.92 


24.34 


9.49 


BXC 


1 


53.00 


54.36 


3.84 


BxD 


1 


3.45 


1.56 


3.84 


CxD 


i 


3.82 


1.81 


3.84 


AXBXC 




6.17 


3.68 


9.49 


AxBxD 




i 4.31 


2.22 


9.49 


AxCxD 


■■ 


7.01 


5.41 


9.49 


BxCxD 


i 


1 6.94 


4.41 


3.84 


AxBxCxD 


4 


3.39 


3.39 


9.49 



Each term in Table 7,8 can be screened from the partial and the marginal 
association test statistics and belongs to one of the following three class- 
es: 

(i) likely to be important and required to be included in the model. This 
holds for the main-effect terms A, B f C and D, the first-order interac- 
tion effects AxB, AxD and BxC, and the second-order interaction effect 
BxCxD; 

(ii) likely to be unimportant and not required to be included in the model, 
which holds for the first-order interaction effects AxC, BxD and CxD, 
the second-order interaction effects AxBxC, AxBxD , AxCxD, and the third- 
order interaction effect AxBxCxD; 

(iii) in need of further investigation, which does not hold for any interac- 
tion term from Table 7.8. 

The base model in this screening procedure includes the terms of the hierar- 
chical log-linear model, which are likely to be important and require to be 
included in the model, and is: 



log m. 
e ljkl 



X+X A +X B +X C +X D +X AB +X AD +X BC +X BD +X CD +X^ CD , 

i j k 1 ij ll 3k jl kl }kl 



i-1f . 

jr*,l 



.,5 

1,2 



(7.1) 



with G 2 -value equal to 22.25 and 20 degrees of freedom. The x^-oritical value 
at the 95 percent level of significance and 20 degrees of freedom is 31.41, 
and the base model is therefore selected from the screening procedure as a 
model which fits the data well. 

The stepwise selection procedure has the model with all main effects as the 
base model. The goodness-of-f it statistics from the forward selection proce- 
dure, which include those first-order interaction effects to the base model 
giving a significant decrease in G 2 -values, are presented in Table 7.9. 
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The first-order interaction effects, which are added to the base model with 
all main effects in the forward selection procedure are successively BxC, AxB 
and AxD. The model chosen from this selection procedure which fits the data 
from Table 7.7, now becomes: 



^Ajki - x+ ^ x j +x k +x i +A i; +x u +x ^ * 



i«i,. 

j,k,l 



.,5 

1,2 



(7.2) 



The information of Table 7.7 has been fitted now by making use of the ite- 
rative proportional fitting procedure, and two model selection procedures 
(viz. screening and the forward selection procedure). The most parsimonious 
model which fits that data well will be the one in equation (7.2), and the 
interdependency between the variables 'type of boat' , 'place to spend the 
night', as well as 'the distance to the home address of the recreationers ' 



Table 7.9. Stepwise forward selection procedure. 



Model specification 


G 2 


on 


Conditional G 2 


BB 


(1): A+B+C+D 


139.73 


32 




■■B 


(D+axb 


110.84 


28 


28.89 




(D+AXC 


132.21 


28 


7.52 




( 1 ) +AxD 


115.39 


28 


24.34 


^^B^B 


(D+BXC 


85.37 


31 


54.36 


i 


(1)+BXD 


138.16 


31 


1.57 


i 


(1)+CXD 


137.91 


31 


1.82 


i 


(2): A+B+C+D+BXC 


85.37 


31 




■BBM 


(2)+AxB 


56.48 


27 


28.89 




(2)+Axc 


77.85 


27 


7.52 




(2)+AxD 


61.03 


27 


24.34 




(2)+BxD 


83.80 


30 


1.57 


i 


(2)+CxD 


83.55 


30 


1.82 


i 


( 3 ) : A+B+C+D+AXB+BXC 


56.48 


27 




■BBB 


(3)+AxC 


52.38 


23 


4.10 




(3)+AxD 


32.14 


23 


24.34 


■■ 


(3)+BxD 


54.92 


26 


1.56 


i 


(3)+CxD 


54.67 


26 


1.81 


i 


( 4 ) : A+B+C+D+AXB+AXD+BXC 


32.14 


23 





may be adequately described in a spatial context by means of that log- linear 
model. The parameter estimates of the model (7.2) are presented in Table 
7.10, to be able to characterize the five areas from the survey in terms of 
the mentioned variables. 
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Table 7.10. Estimates of main-effects and first-order interaction effect 

parameters from Table 7*7 (with 'centred-effect' constraints)* 



Parameter Magnitude 

of the effect 


Standardised 

value 


Parameter Magnitude 

of the effect 


Standardised 

value 


A A (1) 


.510 


3.041 


X M (1,1) 


• 596 


3.556 


A A (2) 


-.906 


-3.161 


A 88 (2,1) 


-.599 


-2.091 


* A (3) 


1.064 


7.630 


A 88 (3,1) 


.039 


• 280 


A A (4) 


-.209 


-.848 


A 88 (4,1) 


.217 


• 880 


* A (5) 


-.458 


-2.105 


A*® (5,1) 


-.253 


-1.161 


A B (1) 


.206 


1.893 


A" 5 (1,1) 


-.151 


-.901 


A c (1) 


-.444 


-4.071 


A 88 (2,1) 


-.001 


-.004 


A D (1) 


.550 


5.046 


A" 5 (3,1) 


-.262 


-1.880 


A 80 (1,1) 


-.486 


-4.453 


A" 5 (4,1) 


.671 


2.721 








A A® (5,1) 


-.256 


-1.178 



The main effect parameters and the first-order interaction effect parameters 
from Table 7.10 are defined as deviations of the overall mean-effect A, which 
is equal to 1 .467. When analysing the results in the table with the fitting 
procedure of the data in Table 7.7, the two variables 'type of boat' and 
'distance to the home address' both differ in space. Finally, the type of 
boat is also mutually related to the place to spend the night. The other 
first-order interaction effects (viz. AxC, BxD and CxD), do not give a sta- 
tistical significant decrease in deviance value. 

An interpretation of the parameter values from Table 7.10 will be presented 
in Table 7.11. 

The interaction effect between the variables 'type of boat' and 'place to 
spend the night' (i.e. the first-order interaction effect between the varia- 
bles B and C) shows that the number of recreationers with a motorized boat 
who spend the night at home (i.e. B=1 , and C=1 ) is moderately below the ave- 
rage pattern in the survey. 

The five areas from the survey in the Biesbosch area have been characterized 
now in terms of the age and the educational level of the recreationers, as 
well as in terms of the type of boat they use and the distance to their home 
address. An explanatory analysis will be presented below concerning the place 
where the daily purchases will be made by the recreationers in the Biesbosch 
area. The response variable to be explained is the area where those purchases 
will be made; it is classified into two distinct classes, viz. either or not 
buying the daily purchases in the Biesbosch area. The explanatory variables 
are 'area of visit', 'distance to the home address', and 'duration of staying 
in the Biesbosch area'. The variables are cross-classified in a four-dimen- 
sional contingency table with respect to the response variable. This table 
with size 2x5x2x3 is given in Table 7.12, and the explanatory variables are 
denoted by A,B, and C successively. 
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Table 7.11. Spatial characterization of the recreationers of the survey, 

according to the variables 'type of boat', 'place to spend the 
night', and 'the distance between the home-address and the 
Biesbosch area ' • 



Area 


Characterization of the interaction-effect AxB 


Rietplaat 


The number of recreationers with a motorized boat is 
moderately above the average with respect to the pattern 
in the survey. 


Honderd- 

dertig 


The number of recreationers of the survey in this area with 
an unmotorized boat is moderately above the average pattern. 
One should take into account that in this area the absolute 
number of unmotorized boats is even larger than the number of 
motorized boats, which does not occur in the other areas of 
the survey. 


Keesjes 

Killeke 


The number of motorized boats in this area shows a pattern 
which is analogous to the distribution of the boats in the 
whole survey. 


Merwelanden 


The number of motorized boats in this area is slightly above 
the average pattern of the survey. 


Zuid- 

hollandse 

Biesbosch 


The number of unmotorized boats in this area is slightly 
above the average pattern of the survey. 


Area 


Characterization of the interaction-effect AxD 


Rietplaat 


The number of recreationers visiting this area, who live at a 
distance of less than 30 kilometers from the home address is 
moderately below the average pattern in the survey. 


Honderdder- 

tig 


The distance between the home address and the Biesbosch area 
for the respondents out of this area is just around the 
average pattern of the survey. The number of respondents who 
live close to the Biesbosch (i.e. less than 30 kilometers) is 
about 2.5 times more than the number of respondents who 
live further away. 


Keesjes 

Killeke 


Same conclusion as with respect to the area Rietplaat. 


Merwelanden 


Figure 7.1(d) already mentioned that this area has a much 
stronger local function than the other areas, because at least 
50 percent of the recreationers live closer than 10 kilometers 
from the Biesbosch area. This conclusion is also supported by 
the strong interaction-effect between the variables A and D 
for this area. 


Zuid- 

hollandse 

Biesbosch 


Same conclusion as with respect to the area Rietplaat. 
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Table 7.12. Four dimensional contingency table on the daily purchases, 

according to the variables 'area of visit', 'distance to the home 
address', and 'number of days of staying'. 




X - 1 s the daily purchases will be bought in the Biesbosch area; 

X * 2; the daily purchases will be bought outside the Biesbosch area. 



A * area:1 * Rietplaat; B * distance to home address: 

2 = Honderddertig; 1 * less than 30 kilometers; 

3 = Keesjes Killeke; 2 - more than 30 kilometers. 

4 = Merwelanden; C = number of days of staying in the Biesbosch. 

5 = Zuidhollandse Biesbosch 1 = one day; 

2 ■ a weekend, two or three days; 

3 ■ at least four days. 



A logistic regression model - in case of a two-category response variable - 
is presented in equation (5.26), and it has been rewritten as a linear logit 
model in equation (5.28). The information from Table 7.12 will be analysed by 
making use of a linear logit model, with variable X as the response variable 
to be related to the (interaction) effects between the variables A, B, and C. 
The linear logit model with all main effects included then becomes: 



, ( ^ijk 

W-rr- 



ijk 



) = 



<Ai) 






u C (k) f 



1 = 1/ • • j = 1,2; .. 

k « 1,2,3. (7,3) 



in which Pijk is the proportion of the recreationers in category i,j 
and k who buy the daily purchases in the Biesbosch area. The G 2 -value of this 
model with all main effects is equal to 40.02 with degrees of freedom equal 
to 22. Model estimation with the GLIM program, and the model selection proce- 
dures discussed in subsection 5.3.4, may provide the relevant interaction 
effects to explain the daily purchases bought either in or outside the Bies- 
bosch area. 

Aitkin (1979; 1980) has introduced the simultaneous test procedure to be a 
model selection procedure which explicitly includes the possibility that one 
may be misled by assigning significance to parameters to what is merely ran- 
dom variation. 
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Consider the linear logit model in equation (7.3), with the null hypothesis 
that all three first-order interaction effects and the one second-order 
interaction effects are zero* When a type one error rate a of 0*10 is esta- 
blished, the overall type one error rate y for that model with all main 
effects included is given by y = l-d-a)** = 1— ( 0 .90 ) ** ■ *3439* This means 
that the probability of at least one incorrect rejection of the null-hypothe- 
sis (i*e* all first- order and second-order interaction effects zero) is 34% • 
The overall type one error rate y of .34 is within the range of (*25,*50) 
which was recommended by Aitkin* 

With the level of significance a equal to 0.10 the critical values of the 
pooled effects are the following: 
y 2 » 1-(1-a) 3 ■ 1-.729 - .271, 

Y 3 = 1-( 1-a) - .10, 

in which Yg is the level of significance to test the second-order interaction 
effect, and y 2 is the level of significance to test the first-order interac- 
tion effects* 

The deviance value of the second-order interaction effect AxBxC is 3.673 
which is not significant because the critical chi-squared value with 8 de- 
grees of freedom, and a 0*10 level of significance, is equal to 13*4* 

However, the significance level of the pooled first-order and second-order 
interaction effects may be determined by: 

Y 2 , 3 * 1-(1-Y 2 )n-Y 3 ) = 0.3439. 

The chi-squared critical value with 22 degrees of freedom and a .3439 level 
of significance equals to 24.35, and the pooled first-order and second-order 
interaction effects are significant because the G 2 -value is equal to 40.02. 
Table 7.13 shows the results of the stepwise selection when applied to the 
data of Table 7.12. 

Table 7.13 shows the goodness-of-fit statistics of six sets of linear logit 
models, each of them starting from the bottom-up with the saturated model. 
The aim of the approach is to eliminate those terms of the saturated model 
until the critical chi-squared value (which is 24.35 in this case) is exceed- 
ed. The models selected from the six stages are successively A+B+C+AxB+AxC , 
A+B+C+AxB+BxC, A+B+C+AxB+AxC , A+B+C+AxC+BxC , A+B+C+BxC, and A+B+C+BxC. 

The model selected by the simultaneous test procedure of Table 7.13 is A+B+C+ 
BxC, with a goodness-of-fit statistic equal to 20.02 and 20 degrees of free- 
dom. The interaction effects included to the base model in equation (7.3) is 
the diversity with respect to the distance to the home address and the number 
of days of staying (the BxC term) • The parameter values of the logit model 
selected, which have been obtained from the GLIM procedure, are presented in 
Table 7.14. 
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Table 7.13. Stepwise selection applied to the 2x5x2x3 table from Table 7.12. 



Model 


G 2 




Parameter 


Deviance 


|gg 


( 1 )A+B+C 


40.02 


22 








A+B+C+AxB 


37.93 


18 


AxB 


2.09 


4 


A+B+C+AxB+AxC 


24.30 


10 


AxC 


13.63 


8 


A+B+C+AxB+AxC+BxC 


3.673 


8 


BxC 


20.627 


2 


A+B+C+AxB+AxC+BxC+AxBxC 


0.0 


0 


AxBxC 


3.673 


8 


(2)A+B+C 


40.02 


22 








A+B+C+AxB 


37.93 


18 


AxB 


2.09 


4 


A+B+C+AxB+BxC 


18.76 


16 


BxC 


19.17 


2 


A+B+C+AxB+BxC+AxC 


3.673 


8 


AxC 


15.087 


8 


A+B+C+AxB+BxC+AxC+AxBxC 


0.0 


0 


AxBxC 


3.673 


8 


( 3 )A+B+C 


40.02 


22 








A+B+C+AxC 


29.12 


14 


AxC 


10.90 


8 


A+B+C+AxC+AxB 


24.30 


10 


AxB 


4.82 


4 


A+B+C+AxC+AxB+BxC 


3.673 


8 


BxC 


20.627 


8 


A+B+C+AxC+AxB+BxC+AxBxC 


0.0 


0 


AxBxC 


3.673 


8 


(4)A+B+C 


40.02 


22 








A+B+C+AxC 


29.12 


14 


AxC 


10.90 


8 


A+B+C+AxC+BxC 


7.176 


12 


BxC 


21.944 


2 


A+B+C+AxC+BxC+AxB 


3.673 


8 


AxB 


3.503 


4 


A+B+C+AxC+BxC+AxB+AxBxC 


0.0 


0 


AxBxC 


3.673 


8 


(5)A+B+C 


40.02 


22 








A+B+C+BxC 


20.20 


20 


BxC 


19.82 


2 


A+B+C+BxC+AxB 


18.76 


! 16 


AxB 


1.44 


4 


A+B+C+BxC+AxB+AxC 


3.673 


| 8 


AxC 


15.087 


8 


A+B+C+BxC+AxB+AxC+AxBxC 


' 0.0 


0 


AxBxC 


3.673 


8 


(6)A+B+C 


40.02 


i 22 








A+B+C+BxC 


20.20 


20 


BxC 


19.82 


2 


A+B+C+BxC+AxC 


7.176 


12 


AxC 


1 13.024 


8 


A+B+C+BxC+AxC+AxB 


3.673 


8 


AxB 


3.503 


4 


A+B+C+BxB+AxC+AxB+AxBxC 


0.0 


0 


AxBxC 


3.673 


8 



Table 7.14. Parameter estimates of the logit model fitted to Table 7.12. 



Parameter 


Estimate 


Standard error 




grand mean 


1.114 


0.4332 


U)A (2) 


.2134 


.7531 


U)A (3) 


-.9837 


• 3285 


0)A (4) 


.6653 


.4956 


U)A (5) 


.5580 


.6741 


0) B (2) 


-4.024 


1.117 


0)C (2) 


.7679 


.4165 


U)C (3) 


• 6138 


• 4938 


U)BC (2,2) 


1.741 


1.174 


0)BC (2,3 ) 


4.158 


1.252 
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The main effect parameters of variable A in Table 7*14 show the spatial di- 
diversity concerning the place where the daily purchases will be bought* The 
recreati oners who visit the area Merwelanden especially buy their daily pur- 
chases in the Biesbosch area, and the recreati oners who visit the areas Hon- 
derddertig and Zuidhollandse Biesbosch show a weak tendency to buy the daily 
purchases in the Biesbosch area* 

The main effect of the variable B shows the diversity of the distance catego- 
ries with respect to variable X. The negative value of this parameter in 
Table 7.14 (which is related to the first category of that variable) strongly 
indicates that the recreati oners who live more than 30 kilometers from the 
Biesbosch area buy their daily purchases outside the Biesbosch* 

The first-order interaction effect BxC has - in case of the second category 
of variable B - positive estimate values for the categories 2 and 3 from 
variable C. This shows that the recreationers who live more than 30 kilome- 
ters from the home address buy their daily purchases in the Biesbosch area 
when they stay there for a longer period* 

7.3. THE MULTIVARIATE NATURE OF OUTDOOR RECREATION 

7 * 3 * 1 * Introduction 



Various phenomena concerning outdoor recreation in the Biesbosch area have 
been analysed in the previous section* Some examples are inter alia a spatial 
characterization of recreationers in terms of the age and the level of educa- 
tion, a spatial characterization with respect to the type of boat and the 
distance to the home address, as well as the percentage of recreationers who 
buy the daily purchases in the Biesbosch area in terms of the duration of 
their stay and the distance to the home address* 

Two multivariate approaches have been discussed in subsections 5*4.2 and 
5*4*3, i*e* multidimensional scaling for ordinal information, and the HOMALS 
procedure for nominal information* Both procedures aim to derive a spatial 
configuration of a system which is multivariate in nature and denoted at a 
non-metric scale* 

The first part of this section shows a multivariate analysis of five varia- 
bles by making use of the HOMALS program, with information obtained from the 
survey (see also subsection 7*3*2). This analysis shows the spatial diversity 
with respect to potentially relevant phenomena to come to the Biesbosch 
area* 

The second part of this section focuses upon a multivariate analysis with 
respect to type of boat, type of bank and type of recreational activities* 
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This analysis makes use of a multidimensional scaling procedure (see also 
subsection 7 • 3 • 3 ) • 

7.3.2. Homogeneous scaling of outdoor recreation 

The relevance of either environmental phenomena (e.g., character of land- 
scape) or of the availability of recreational facilities, to select an area 
for recreational activities, will be analysed simultaneously in this subsec- 
tion with the HOMALS program. The five variables, with three categories each, 
all reflect the relevance to come to the Biesbosch area, and will be descri- 
bed below. 

Variable 1 reflects the distance to the residence as being relevant to visit 
the Biesbosch area. The second variable reflects the relevance of being in a 
position to sail, fish, or surf in an area such as the Biesbosch. Variable 3 
are the recreational facilities such as, for example, beaches and landing- 
stages, as being an important reason to visit the Biesbosch area. Variables 2 
and 3 especially refer to the relevance of recreational facilities to spend 
leisure time in the study area, and the variables 4 and 5 are the environmen- 
tal variables, which may also be a relevant motivation for recreationers in 
their selection of the Biesbosch area. Variable 4 refers to the character of 
landscape, and variable 5 refers to the ecological characteristics of the 
area, such as the presence of plants and animals. 

The three categories of these five variables are classified in terms of an 
unimportant (category 1), a slightly important (category 2), and an important 
(category 3) reason to spend the leisure time in the Biesbosch area. 

The HOMALS program is used for each of the five subregions in the survey. 
Table 7.15 shows the discrimination measures of the five variables described 
above. 

The eigenvalues which are shown in Table 7.15 for each dimension represent 
the homogeneity of the data with respect to that dimension, in such a way 
that the higher the eigenvalue, the more homogeneous are the data. The eigen- 
value (or homogeneity) is equal to the average value of the discrimination 
measures for that dimension. The higher a discrimination measure of a varia- 
ble, the better a variable discriminates on that dimension, and the more 
important that variable is for the solution. A large discrimination measure 
also represents a large dispersion of the categories of that variable. Two 
general characteristics of the discrimination measures are: 

- when two variables have the same distribution with respect to the category 
scores, the discrimination measures of these variables then are close to 
each other; 




176 



- when the distribution of the category scores of some variable fits well 
with respect to the marginal distribution of all variables, the discrimina- 
tion measure of that variable is close to the origin* 

Table 7*15* Discrimination measures of the HOMALS analysis concerning the 
relevance of the five phenomena* 

Table 7. 15a* Discrimination measures Table 7. 15b* Discrimination measures 
of the HOMALS analysis of the HOMALS analysis 

for the area Rietplaat* for the area Honderd- 

dertig* 




Dimension 1 

. 252 
. 335 

• 124 

• 506 

• 452 

.3337 



Dimension 2 

• 043 
. 605 

• 549 
. 003 
. 069 

.2540 





Table 7* 15c. Discrimination measures Table 7*15d* Discrimination measures 
of the HOMALS analysis of the HOMALS analysis 

for the area Keesjes for the area Merwelanden* 

Kill eke. 




Table 7*15e* Discrimination measures Table 7*15f* Discrimination measures 
of the HOMALS analysis of the HOMALS analysis 

for the area Zuidhollandse for the Biesbosch area* 

Biesbosch* 
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The discrimination measures for the area Rietplaat are presented in Table 
7.15(a). The variables 4 and 5 have high discrimination measures on the first 
dimension and the variables 2 and 3 have high discrimination measures on the 
second dimension. The two variables concerning the relevance of recreational 
facilities in this area (viz. the relevance for recreationers to be in a 
position to sail or to fish, and the relevance of the presence of recreation- 
al facilities) show a similar pattern. The major part of the respondents 
replied that these two variables are important reasons to visit the area (78% 
and 68% successively) • This conclusion with respect to the relevance of re- 
creational facilities to come to the area Rietplaat is in agreement with 
Section 7.2 where this area was characterized as one with a lot of recrea- 
tional facilities. The two variables concerning the relevance of the environ- 
mental phenomena (viz. the character of landscape and the presence of plants 
and animals) also show similar patterns with respect to the discrimination 
measures • 

Variable 1 (the relevance of staying close to the home address) is an outlier 
in this area with respect to the five variables, with about 27% of the res- 
pondents replying that this variable is only slightly important. 

The discrimination measures for the area Honderddertig are presented in Table 
7.15(b). The variables 1 and 2 have high discrimination measures on the first 
dimension, and the variable 3 has a high discrimination measure on the second 
dimension. The HOMALS-procedure discriminates the relevance of environmental 
phenomena with that of the recreational facilities. The response to the var- 
iables 1 and 2 show similar patterns in this area, with about 20% response to 
category 1 (unimportant as a reason) for both variables. The variables 4 and 
5 show a distinct pattern from the other variables, because no respondent 
from the survey replied that any of these environmental phenomena is unimpor- 
tant to come to the Biesbosch. 

All respondents indicated that the nature of landscape is a relevant reason 
to come to this area. A distinct pattern is shown here for variable 3, with a 
56% response level indicating that it is an unimportant reason to come to the 
area because of recreational facilities. This conclusion concerning the rele- 
vance of environmental phenomena is in agreement with the conclusion already 
mentioned in the previous section, that this area has only a minor level of 
recreational facilities. 

Table 7.15(c) shows the discrimination measures for the area Keesjes Killeke . 
The variables 4 and 5 have high discrimination measures on the first dimen- 
sion, and the variables 1 and 3 have high discrimination measures with res- 
pect to the second dimension. The discrimination measures show that the var- 
iables 1 and 3 have similar patterns. At least 25% of the response on these 
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variables mentioned them as unimportant reasons to come to this area* Varia- 
bles 4 and 5 are also clustered, and less than 10% of the respondents replied 
that any of these two environmental criteria is an unimportant reason to go 
to the area Keesjes Killeke. 

Table 7.15(d) shows the discrimination measures for the area Merwelanden * The 
discrimination measure for the first dimension is high on the variables 4 and 
5, and for the second dimension it is high on the variables 3 and 4* Variable 
1 has small discrimination measures on both dimensions and this variable is 
therefore only slightly important for the solution* The main difference be- 
tween variables 4 and 5 is due to the response to category 2, because only 8% 
of the response replied that the character of landscape is slightly impor- 
tant, while 32% of the response replied that the presence of plants and ani- 
mals is a slightly important reason to come to the area Merwelanden. 

Table 7.15(e) shows the discrimination measures for the area Zuidhollandse 
Biesbosch . The results in this table show that all variables fit well in the 
first dimension, and that the variables 4 and 5 also have a reasonable fit 
in the second dimension. 'Distance to the home address' and 'the availability 
of recreational facilities' are less important items than in the other areas, 
except for the area Honderddertig with a 56% reply that the availability of 
recreational facilities is an important reason. However, in the area Zuid- 
hollandse Biesbosch some 35% of the response mentioned that variable 1 or 
variable 3 is an unimportant item to come to that area. 

The discrimination measures for the Biesbosch area is shown in Table 7.15(f), 
with a total sample size of 378. The discrimination measures for the first 
dimension is high on the variables 4 and 5, and for the second dimension it 
is high on the variables 1 and 3. The category quantifications of the varia- 
bles 4 and 5 show similar patterns, as well as with respect to the variables 
1 and 3. Some 25% of the response replied that variable 1 is an unimportant 
reason and 20% replied that variable 3 is an unimportant reason to come to 
the Biesbosch area. About 50% mentioned these variables to be important. 
However, some 85% and 65% of the respondents mentioned that variables 4 and 5 
successively are an important item to spend the leisure time in the Bies- 
bosch. 

Environmental phenomena such as the nature of landscape and the existence of 
plants and animals are important in all subareas of the Biesbosch. A spatial 
difference in the Biesbosch area exists especially with respect to the rele- 
vance of the recreational facilities for recreationers to come to the Bies- 
bosch. 
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7.3.3* Multidimensional scaling and outdoor recreation 

The relevance of environmental phenomena and the availability of recreational 
facilities for recreationers is described in the previous subsection by ma- 
king use of the HOMALS program. The results showed that especially the rele- 
vance of recreational facilities differs with respect to the five Biesbosch 
areas • 

The recreational patterns in the Biesbosch area will therefore be further 
discussed in this subsection in terms of a spatially disaggregated analysis 
of recreational activities, type of bank, and type of boat. The recreational 
patterns are subdivided into three main groups with 10 variables in all, viz. 
type of boat (with 2 variables), type of bank (with 4 variables), and type of 
activities (with 4 variables). The Biesbosch area has been subdivided into 11 
subregions to be able to present a spatially disaggregated analysis of re- 
creational activities. The variables and the areas are given below. 

Variables 

Type of boat : variables and X 2 ; 

Type of bank s variables X 3 , X^, X 5 and Xg; 

Type of activities: variables Xy, X Q , X g and X 1Q . 

Xj - motorized boats (motor boats, open boats with a motor); 

X 2 = unmotorized boats (sailing boats without a motor, canoes and surfing 
boards ) ; 

X 3 = willow-trees and holm; 

X^ = reed vegetation and saltings; 

X 5 = landing-stages; 

Xg = beaches ; 

X 7 = activities from the boat such as fishing; 

Xg = activities in water such as swimming; 

Xg = 'quiet* activities on the beach (sun-bathe, walking, e.g.); 

Xiq = 'unquiet' activities on the beach (camp out, playing football, e.g.). 

Areas 

1 = Brabant Biesbosch, western part; 

2 = Brabant Biesbosch, south-western part; 

3 = Brabant Biesbosch, south-eastern part; 

4 « Brabant Biesbosch, eastern part; 

5 - Brabant Biesbosch, north-eastern part; 

6 « Brabant Biesbosch, northern part; 

7 = Brabant Biesbosch, rush-saltings area; 

8 = Brabant Biesbosch, Heenplaat; 

9 = Dordrecht Biesbosch area; 

10 = Sliedrecht Biesbosch area (western part); 

11 = Sliedrecht Biesbosch area (eastern part). 
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Table 7. 16. Two dimensional metric representation of the variables by means 
of MDS. 

Area * 1 Area = 2 




Variables 


Dimension 1 


Dimension 2 


1 


-.2604 


-.1721 


2 


-.0284 


.0953 


3 


-.6472 


-1.000 


4 


-.4789 


-.5408 


5 


.4613 


-.4350 


6 


-.0140 


• 4028 


7 


-.1501 


.0488 


8 


-.0570 


.2129 


9 


-.7183 


-.3023 


10 


.6315 


.1450 



Area = 3 




Variables 


Dimension 1 


Dimension 2 


1 


.2307 


.1618 


2 


.2308 


.1621 


3 


.2313 


.1633 


4 


.2520 


-.1752 


5 


.2312 


.1632 


6 


-.0661 


.0785 


7 


.2313 


.1607 


8 


.2310 


.1618 


9 


-.0700 


.0862 


10 


-.1807 


.3573 




Variables I Dimension 1 (Dimension 2 
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‘ 7 



Variables 


Dimension 1 


Dimension 2 




Variables 


Dimension 1 


Dimension 2 


1 


-.1130 


-.0160 




1 


.1118 


-.2615 


2 


.1182 


-.1058 




2 




-.0982 


3 


-.1060 


.0305 




3 


■css 


.3487 


4 


.1157 


-.0677 




4 


.1040 


.6511 


5 


.2599 


.1129 




5 


.4914 


-.0442 


6 


.4471 


-.0730 




6 


-.3511 


-.0866 


7 


-.4136 


-.0527 




7 


.1495 


.3364 


8 


-.1343 


-.0736 




8 


.1025 


-.3709 


9 


-.0632 


• 0283 




9 


.1858 


-.2762 


10 


.2265 


.2953 




10 


-.5199 


-.0136 



Area = 9 



Area 



Variables 


Dimension 1 


Dimension 2 




Variables 


Dimension 1 


Dimension 2 


1 


•4308 


.0216 




1 


-.1805 


.2737 


2 


-.7635 


-.0157 




2 


-.1284 


-.1300 


3 


.4317 


.0252 




3 




-.0826 


4 


-.1287 


-.0078 




4 


-.0615 


• 4012 


5 


-.2697 


-1.000 




5 


-.3127 


-.1768 


6 


-.2348 


-.7603 




6 


-.5232 


-.0917 


7 


• 6142 


-.0111 




7 


-.1205 


-.0670 


8 


-.5129 


-.0110 




8 


-.0823 


• 4654 


9 


-.3831 


-.4092 




9 


-.0740 


.4158 


10 


.0012 


-.1915 




10 


.3212 


-.1737 



11 



Variables I Dimension 1 



Dimension 



1284 


-.1310 


2590 


-.1816 


1743 


-.1523 


6711 


-.3099 


0885 


-.3127 


0535 


-.1059 


1381 


-.1322 


1582 


.5934 


5477 


.0469 


5282 


.0744 



2 
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The aim of the analysis is to investigate the spatial patterns of the varia- 
bles, and the originally non-metric information is therefore transformed in a 
two-dimensional Euclidean space. A metric representation of the recreational 
profiles (type of boat, use of natural resources such as willow-trees and 
reed- vegetation, and recreational activities) is achieved by means of a 
multidimensional scaling procedure. 

The results of the MDS-procedure for each of the 1 1 regions are presented in 
Table 7.16. This table shows that the major part of the variables appear in 
two or three quadrants, which indicates that similarity in pattern concerning 
the variables can be obtained. Table 7.17 shows the results of the MDS-proce- 
dure with the variables depicted in terms of the quadrants in a two-dimen- 
sional Euclidean space. 

Table 7.17. Two-dimensional representation of the recreational profiles. 



Area 


1 st quadrant 


2 nd quadrant 


3rd quadrant 


4th quadrant 


n 


10 


2 , 6 , 7 , 8 


1,3, 4, 9 


5 


MM 


6 


1,3, 4, 7 , 8 


— 


2,5,9,10 




1 , 2 , 3, 5, 7 , 8 


6,9,10 


— 


4 


H 


6,10 


2, 3,7,8 


1,4,5 


9 


5 


10 


1 , 2 , 4, 5, 6 , 7, 9 


— 


3,8 


6 


3,6,9,10 


7 


4,5 


1 , 2,8 


7 


5,10 


3,9 


1,7,8 


2,4,6 


8 


3,4,7 


— 


2 , 6,10 


1,5, 8 , 9 


wm 


1,3 


— 


2,4, 5, 6 , 8 , 9 




IB 


— 


1,4, 8 , 9 


2, 3, 5, 6,7 




IB 


9,10 


8 


1 , 2 , 3, 4, 6 , 7 





The variables depicted in some quadrant show similar patterns with respect to 
the grids in the area. 

The results from the MDS-procedure show that the variables Xj and X 2 (motor- 
ized and unmotorized boats respectively) have dissimilar patterns with res- 
pect to the other variables in 7 out of the 11 regions (viz. areas 1,2, 4, 7, 
8 , 9 and 10 ). 

The results of the MDS-procedure will be discussed briefly for each of the 11 
regions. 

The western part of the Biesbosch (area 1 ) shows a distinction concerning 
the type of boat with respect to the type of bank used by the boats, because 
the motorized boats have a similar pattern with the banks willow- trees and 
reed- vegetation, while the unmotorized boats have a similar pattern with the 
use of beaches. A distinct pattern for the variables X 5 (landing-stages) and 

XI 0 (‘unquiet’ activities) may be concluded because they are represented in 
different quadrants. 
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The south-western part of the Biesbosch (area 2) also shows a distinction in 
pattern with respect to the motorized and unmotorized boats: the motorized 

boats make use of willow-trees and reed- vegetation, and the unmotorized boats 
make use of landing-stages. With respect to the type of activities in this 
area, the motorized boats show similar patterns with activities such as fish- 
ing and swimming, and the unmotorized boats show similar patterns with activ- 
ities on the beach (the variables Xg and X^g). 

The main characteristic of the south-eastern part of the Biesbosch , in com- 
parison with the other areas, is the similarity in pattern with respect to 
the two types of boat, the willow- trees and landing-stages as the type of 
bank, and the recreational activities such as fishing and swimming. 

The results of MDS for the eastern part of the Biesbosch show the similarity 
between motorized boats and two types of bank, viz. reed-vegetation and 
landing-stages, while the unmotorized boats show a similarity with respect to 
the willow- trees and activities such as fishing and swimming. 

The north-eastern part of the Biesbosch (area 5) is mainly characterized by 
its similarity in pattern concerning the two types of boat, the three types 
of bank (willow-trees excluded), and recreational activities such as fishing 
and sun-bathe. Activities in water such as swimming will mainly be done with 
one type of bank, viz. willow- trees and holm. 

The main characteristic of the northern part of the Biesbosch (area 6), in 
comparison with the other areas, is the similarity in pattern of the two 
types of boat and the recreational activities in water such as swimming. 

The rush-saltings area of the Biesbosch (area 7) shows a similarity between 
the use of motorized boats and the activities from the boats such as fishing, 
and activities in water such as swimming. The unmotorized boats in this area 
especially make use of two types of bank, viz. reed vegetation and beaches. 
The area Heenplaat (area 8) has a distinctive pattern with motorized and 
unmotorized boats. The motorized boats on the one hand especially make use of 
landing-stages, and the recreationers make use of recreational activities in 
water such as swimming, and 'quiet' activities on the beach. The unmotorized 
boats in this area make use of beaches as the type of bank and the recreatio- 
ners participate in 'unquiet' recreational activities. 

Area 9 is the Dordrecht Biesbosch area , with motorized boats making use of 
willow-trees and holm as the type of bank. A very similar pattern in this 
area can be seen with the unmotorized boats and the recreational activities 
in water such as swimming. 

The Sliedrecht Biesbosch area has been subdivided into the western and the 
eastern part. The recreationers in the western part of the Sliedrecht Bies- 
bosch area show a distinctive pattern with the use of motorized and unmotor- 
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ized boats. The motorized boats especially make use of reed vegetation as the 
type of bank, with activities in water such as swimming, as well as 'quiet' 
activities on jthe beach* The unmotorized boats on the other hand, make use of 
reed vegetation and landing-stages, with activities from the boat such as 
fishing* No distinctive pattern can be traced out in the eastern part of the 
Sliedrecht Biesbosch area with respect to the motorized and unmotorized 
boats* 



7*4* PATH ANALYSIS AND RECREATIONAL ACTIVITIES 

The recreational activity patterns in the Biesbosch area have been discussed 
in the previous subsection in terms of the type of boat used by recreation- 
ers, and the type of bank where the boats will be laid* The analysis made use 
of a multidimensional scaling procedure to represent 10 variables in a two- 
dimensional space and shows the similarity or dissimilarity patterns of the 
variables with respect to recreational activities* The Biesbosch region was 
disaggregated into 11 regions to show the spatial diversity of the variables* 
The cause-and-effect relationships between type of boat, type of bank, and 
type of recreational activities will be analysed in this section for the 10 
variables mentioned in the previous subsection. Such relationships may be 
analysed by means of path analysis (see also subsection 5*2*4 where systems 
were described in terms of path analysis)* 

Two types of non-recursive path models will be presented in this section, 
viz* : 

(a) the relationship between the type of boat, and the type of bank used by 
the boats; 

(b) the relationship with respect to recreational activities in terms of the 
type of boat, and the type of bank used* 

The first model describes the difference of cause-and-effect relationships 
concerning the use of motorized and unmotorized boats for each of the four 
types of bank, and these relationships are visualized in Figure 7*2. 




X2 x 2 x 2 x 2 



Figure 7.2. Cause-and-effect relationships of type of boat and type of bank* 
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The second model describes the use of motorized and unmotorized bo« r 

each of the four types of bank with respect to four types of recree 1 

activities • Figure 7.3 shows the four relationships of each of the r ra- 
tional activities with respect to the use of willow-trees and holm (va ble 

X 3 ) and motorized boats (variable Xj ) or unmotorized boats (variable X 2 



Xi X X X X Xx 




Figure 7.3. Cause-and-ef feet relationships of type of boat, use of willow- 
trees and four types of recreational activities. 

The path models for the variables X4, X5, and X 6 are specified analogously to 
the one presented in Figure 7.3 for the variable X 3 . 

The path coefficients of the models from Table 7.2 and 7.3 are presented in 
Table 7.18. This table is subdivided into four tables according to the four 
types of bank. The path coefficients of the motorized and unmotorized boats 
with respect to the use of willow-trees are presented in the first part of 
Table 7.18(a), and the path coefficients of the other types of bank are pre- 
sented in Table 7.18 (b)-(d) successively. The path coefficients pij are 

used to identify the path to variable X^ from variable X j . The coef- 
ficients pi are used to identify the path from the error term, and is de- 
fined as the square root of the proportion of variance explained by that 
error term. 

The path coefficients of the relationships in Figure 7.2 are discussed in 
Table 7.19. 
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Table 7.18* Path analysis according to types of activities, banks and boats 
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Table 7*18* (continued) 
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Table 7.18* (continued) 





Table 7*19* Path models of motorized/unmotorized boats and type of bank 



Type of bank 


Motorized boats and unmotorized boats 


Variable X 3 
(willow-trees) 


The motorized boats show a positive effect with this type 
of bank in the major part of the areas, viz. in the areas 
1, 2, 5, 6 , 7, 8 , 9, 10, and 11. However, positive values 
of path coefficients of the unmotorized boats are found 
in the areas 3, 4, and 11. 


Variable X^ 
(reed 

vegetation) 


The motorized boats show a positive effect with this 
type of bank in the areas 1, 2, 4, 7, 9, 10, and 11. 
The unmotorized boats make use of this type of bank in 
the areas 3, 5, 6 , 7, and 10. 


Variable X 5 
( landing- 
stages) 


The motorized boats show a positive effect with this 
type of bank in the areas 1,3, 4, 5, 7, and 8 and the 
unmotorized boats show a positive effect in the areas 
2, 5, 9, 10, and 11. 


Variable X g 
( beaches ) 


A positive effect of the motorized boats on this type of 
bank is shown in the areas 2, 3, 4, 6 , 7, 10, and 11, and a 
positive effect of the unmotorized boats is shown in the 
areas 1 , 2 , 5, and 8 . 



The use of motorized boats shows a positive direct effect on the use of wil- 
low-trees or reed vegetation in the major part of the areas. The size of the 
coefficient shows that the strongest direct effects are found with motorized 
boats • 

Having discussed now the stimulus- response relationships with respect to the 
type of boat (either motorized or unmotorized) and the type of bank, the path 
coefficients of the recreational activities in terms of type of boat and type 
of bank will be discussed. Table 7.18(a) shows the path coefficient from 
Figure 7.3 for each of the 11 Biesbosch areas, and the path coefficients for 
the other types of bank are shown in Table 7.18 (b)-(d). 

The path coefficients of the relationships in Figure 7.3 are discussed in 
Table 7.20. The coefficients of the recreational activity types X 7 and Xq 
( fishing and swimming) are successively discussed in Table 7.20 (a), and the 
coefficients of the recreational activity types X 9 and X 10 (activities on the 
beach) are discussed in Table 7.20 (b). 














191 



Table 7.20 (a). Path models of type of boat, type of bank and two types of 
recreational activities • 



Type of bank 



Response variable 



Variable X 3 
( wi 1 low- trees ) 



Variable 

(reed 

vegetation) 



Variable X 7 (e.g. fishing) 



Motorized boats have a posi- 
tive effect on the response 
variable in the areas 1,7,9, 
10 , and 11 . 

The use of unmotorized boats 
has a positive effect on the 
variable X 7 in the areas 2,4, 
9, and 10. 

Variable X 3 also has a posi- 
tive effect on variable X 7 in 
the areas 1 , 2 , 3, 5, 6 , 8 , and 11 . 



Motorized boats show 
a positive effect on this 
variable in the areas 1 and 
6 , and a negative impact in 
the areas 2 and 4. 

The unmotorized boats show a 
positive effect on variable 
X 7 in the areas 2,3,4,9,10, 
and 11 . 

The use of reed vegetation 
has a positive effect on 
fishing in the areas 2 , 3, 4, 5, 
7,8,9,10, and 11. 



Variable Xq (e.g. swimming) 



The motorized boats show a 
stronger positive effect on 
this response variable 
than with respect 
to the unmotorized boats. 
The direct impact of 
willow-trees on swimming 
is negative in 7 out of the 
1 1 areas • 



The use of motorized boats 
shows a positive effect on 
variable Xg in the areas 1 , 
2 , 3, 4, 6 , 8 , and 11 . 

However, the use of 
unmotorized boats only shows 
a strong positive effect 
on variable Xq in area 2 . 

The use of reed vegetation 
for swimming has a positive 
impact in the areas 5,6,7, 

9, and 10. 



Variable X 5 
( landing- 
stages) 



The effect of motorized boats 
on variable X 7 is in this 
model larger than with 
respect to the other types of 
bank, and is positive in the 
areas 1,2,5,6,7,9,10, and 11. 
The effect of unmotorized 
boats on variable X 7 
is positive in the areas 
3,4,5,10, and 11. 

This type of bank only has a 
positive impact on fishing in 
the areas 2, and 9. 



The use of motorized boats 
for swimming has a positive 
effect in most of the areas. 
The use of unmotorized boats 
only has a positive effect 
in the areas 2,9, and 10. 

The variable X 5 has a 
negative effect on the 
variable X Q in all areas. 



The motorized and unmotorized 
boats show a positive effect 
on variable X 7 in the major 
Variable Xq part of the areas. 

(beaches) The use of beaches for 

fishing only has a positive 
effect in area 5, and this 
effect is negative in the 
major part of the other 



The use of motorized boats 
has a positive effect on 
this response variable in 
all areas. 

The unmotorized boats show 
a positive direct effect on 
the variable Xq in the areas 
2 and 10 . 

The use of beaches shows a 
positive effect on swimming 
in the areas 2,3,4,5,6,9,11. 
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Table 7*20 (b) • Path models of type of boat, type of bank and two types of 
recreational activities • 



Type of bank 


Response variable 




Variable X 9 (quiet activities) 


Variable X 10 ('unquiet') 


Variable X 3 
(willow-trees ) 


The direct effect of 
motorized boats on the 
response variable is positive 
in all areas with the 
exception of area 9* 

The direct effect of the use 
of willow-trees with respect 
to variable X 9 is negative 
with the exception of the 
areas 7, 8, 9, and 10 in which 
the effect is positive. 


The direct effect of the 
motorized boats on variable 
X 1Q is positive in 8 of the 
11 areas. 

The direct effect of the use 
of willow-trees with respect 
to variable X 10 is negative 
in 8 of the 11 areas. 

This effect is positive in 
the areas 5,7, and 9. 


Variable X 4 
(reed 

vegetation) 


The direct effect of 
motorized boats on the 
response variable is larger 
than the one of unmotorized 
boats for all areas. 


The use of unmotorized boats 
has a positive direct effect 
on the response variable in 
the areas 2,4, 5,7 and 8. 

The variable X 4 has a 
negative effect on the 
response variable in all 
areas with the exception of 
areas 5 and 10. i 


Variable X 5 
( landing- 
stages) 


The direct effect of 
motorized boats on the 
response variable is positive 
for all areas except area 9. 
The direct effect of the use 
of landing-stages on the 
response variable shows the 
same pattern as with respect 
to the response variable Xg, 
with the exception of area 11 
where the direct effect of 
variable X 5 is positive. 


The direct effect of 
motorized boats on the 
response variable is only 
slightly positive in 6 out 
of the 11 areas. 

The use of landing-stages 
has a positive effect on the 
response variable in the 
areas 1,3, 7, and 11, 
and this effect parameter 
is negative in the areas 
4,5,8, and 9. 


I 

Variable Xg 
(beaches) 


The direct effect of 
motorized boats on the i 

response variable is positive 
for all areas, and the same 
effect of unmotorized boats 
is smaller in the 11 areas. 
The effect of variable Xg on 
the 'quiet* activities is 
positive in the areas 2,4,5, 

6, 8, and 9, and this effect is 
negative in the areas 1 and 
11. 


The direct effect of the 
variable Xg on the response 
variable X 19 is positive in 
the areas 2,4,7, and 11 
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The path models concerning the recreational activities in the Biesbosch area, 
discussed in Table 7*20, show that the use of motorized boats in almost all 
areas has a larger direct effect on the recreational activity variables Xs 
and X 9 than the one with unmotorized boats. However, the use of unmotorized 
boats has a larger effect on the variables X 7 and X 10 than the one with mo- 
torized boats for about half of the areas (viz. the areas 2 , 3, 4, 5, and 8 ). 

The results discussed in Table 7.20 also show that the four types of bank 
have different levels of effects with respect to the four types of recrea- 
tional activities. Consider for example the effect of variable X 6 (the use of 
beaches by boats) on variable X 8 (activities such as swimming), which is 
positive in almost all areas, while the direct effect of variable X 5 (the use 
of landing-stages by boats) on variable X 8 is negative in all areas. This 
difference in effects indicates that recreational activities such as 
swimming will primarily be done with beaches as the type of bank. 

7.5. CONCLUDING REMARKS 



A spatial characterization of outdoor recreation in the Biesbosch area was 
presented in this chapter. Some of the mathematical tools discussed in Chap- 
ter 5 were used. The aspects which are based on outdoor recreation, and pre- 
sented in the Sections 7.2 to 7.4 are, successively: 

(i) a spatial characterization of outdoor recreation in terms of such ele- 
ments as the area of visit, and the place where the daily purchases are 
bought (either inside or outside the Biesbosch area). An exploratory and 
explanatory analysis with log-linear models and linear logit models was 
presented to define and interpret the statistically significant inter- 
actions between variables. These approaches are especially useful for 
characterizing the regions in terms of significant interaction effects 
between variables; 

(ii) a characterization of phenomena which may be relevant for persons se- 
lecting the Biesbosch area for their recreation. A spatial disaggre- 
gation was made between five subregions of the Biesbosch, and the phe- 
nomena were divided into environmental phenomena, and phenomena which 
refer to the availability of recreational facilities. The multivariate 
nature of five phenomena is analysed by means of the HOMALS program; 

(iii) a spatial characterization of outdoor recreation patterns with respect 
to the type of boat used (motor or no motor), the type of riverbank used 
by the boats (willow- trees, reed-vegetation, landing-stages or beaches), 
and the specific types of recreational activities (such as fishing or 
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swimming) • A multidimensional scaling procedure was used in subsection 
7*3*3 to characterize the various subregions of the Biesbosch area* 
Multivariate analysis has been used in this chapter with respect to the 
spatial characterization of the Biesbosch area* However, it can also be 
used in an analogous way to trace temporal trends with respect to multi- 
variate phenomena* 

(iv) an analysis of cause-and-ef feet relationships in outdoor recreation with 
respect to type of boat, type of bank and type of recreational activity* 
This analysis makes use of path models* 
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Chapter 8. CONCLUSION 

8.1. REFLECTION ON THE STUDY 

The present study on integrated environmental modelling had the following 
aims: 

- a presentation and discussion of some IEMs; 

- development of a model design for an I EM; 

- development of mathematical and statistical tools which are relevant to 
the specific characteristics and problems of operationalising an IEM; 

- operationalization of a model design for an integrated environmental ap- 
proach of the Biesbosch area in the Netherlands. 

While achieving these aims, a number of methodological problems were identi- 
fied. These can be summarized as follows: 

(a) complexity in integrating multivariate phenomena which derive from 
various disciplines; 

(b) variables which are measured at a non-metric scale so that statistical 
procedures based on assumptions such as the normal statistical distribu- 
tion are inadequate; 

(c) insufficient or unreliable data which constrain estimation of parameters 
in a conventional econometric way. 

Such problems were mentioned in the survey of IEMs. However they may also 
occur in other integrated modelling approaches, and they will therefore be 
further elaborated in this study. 

Some concluding remarks with respect to the aim of the study on the design 
and the tools of integrated environmental modelling approaches will be pre- 
sented in this chapter. 

An overview of various integrated environmental models, instruments and tech- 
niques was presented in part A of the study, viz. in Chapter 2 and in Chapter 
3^, and this survey showed that each of the three main types of environmental 
categories (viz. water, air and land use) can at least, in principle, be 
represented by such models. Conclusions drawn from an evaluation of the 
survey include: 

(i) the approach to modelling an IEM depends on the purpose of the study 
such as description, explanation, forecasting or evaluation; 

(ii) the mathematical tools used to operationalize the IEMs tend to vary 
between optimization, simulation, input/output analysis, scenario anal- 
ysis, and multi-objective decision analysis; 

(iii) the spatial dimension of the model may be regional, or it may be multi- 
regional; 
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(iv) limited availability of information may lead to problems in operation- 
alizing one or more of the modules of an IEM* The uncertainty with 
respect to information was especially problematical in the case of 
modelling environmental phenomena, because of the inadequacy of con- 
trolled experiments or of the poor quality of data* 

The two basic elements of the study are the design of an IEM and the tools to 
operationalize an IEM* 

The methodology and tools to operationalize an IEM are presented in Part B, 
viz* in Chapter 4 and in Chapter 5 , and are based on the discussion of the 
IEMs in Part A* 

The design of an IEM is presented in Chapter 4, and is based on systems 
theory* Systems theory is discussed in this chapter; such integrated models 
aim to provide a comprehensive and systematic picture of the components and 
interactions between phenomena originating from different sources and disci- 
plines* A systems approach was used because of the a priori hierarchical 
consideration of systems and its sub-systems, as well as the input and output 
effects between sub-systems* The design of an IEM presented in this chapter 
and based on a systems approach was called a satellite design of integration* 
The satellite design is characterized by a hierarchical modular represen- 
tation with one module as the core of the hierarchical analysis, and the 
other modules being affected by this core module* 

A set of statistical and mathematical tools is discussed in Chapter 5 within 
the frame of an IEM* 

The first set of tools deal with the analysis of models when only limited in- 
formation is available on the impacts between variables* Graph theory may be 
a useful tool in the case of binary or qualitative information on the stim- 
ulus-response relationships between variables* A distinction is made between 
the analysis of an hierarchical nature (of systems, when only binary infor- 
mation on variables is available), and analysis of a linear system (of equa- 
tions when qualitative information with respect to the signs of the para- 
meters is also available)* The analysis of binary relationships does not 
depend on a normalization rule because it only makes use of information on 
whether or not impacts between variables are included* The use of qualitative 
calculus becomes especially useful in the case of sign-solvability analysis 
from a set of linear equations, which determines the qualitative change of 
endogenous variables (in terms of +,-, or 0) with respect to a qualitative 
change in the exogenous variables (and lagged endogenous variables)* The 
conditions of full sign-solvability are rather severe, and additional tools 
are presented in Chapter 5 which may lead to at least partial sign-solva- 
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bility of a set of linear equations. The sign-solvability approach also uses 
the hierarchical nature of variables as it has been analysed when only binary 
information is available. 

The second set of tools deal with the different sources of data collection, 
giving a non-metric level of measurement of variables such as the nominal or 
ordinal level of measurement. A class of statistical models (called general- 
ised linear models) have been developed in the past twenty years to cope with 
such levels of measurement, and the most widely used ones are log- linear 
models and linear logit models. Such models can be used for exploratory and 
explanatory purposes successively. 

The third set of tools concerns the multivariate nature of phenomena in the 
integrated analysis of economic, demographic and environmental phenomena. 
Such a multivariate nature of phenomena can be represented in terms of nomi- 
nal or ordinal information. The HOMALS program is useful for nominal informa- 
tion, and the multidimensional scaling procedure is useful for ordinal infor- 
mation. The multivariate approaches are relevant for descriptive or explora- 
tory modelling purposes, depicting spatial patterns or temporal trends. 

The design and tools of an I EM discussed in Chapters 4 and 5 are applied in 
Chapter 6 and Chapter 7 for an integrated modelling approach of the Biesbosch 
area in the Netherlands. 

Outdoor recreation is a key phenomenon in this area, with impacts both on 
economic activities and environmental phenomena. Land use is the main envi- 
ronmental phenomenon in the analysis (out of the three environmental phe- 
nomena water, air and land use). The land use categories included in the 
analysis are (i) willow- trees and holm, (ii) reed vegetation and saltings, 
(iii) landing-stages, and (iv) beaches. 

A satellite design of integration has therefore been developed with a recrea- 
tion module, affecting environmental phenomena and economic activities, as 
the core of the analysis. The advantage of the satellite design of integra- 
tion is its hierarchical nature, which is in agreement with the systems ap- 
proach discussed in Chapter 4. 

The design of an I EM for the Biesbosch area is discussed in Chapter 6, which 
is being analysed with different levels of measurement of the impacts between 
variables. A recreation module is the core module of the satellite design of 
integration; the regional economy, a natural environment, and demography mod- 
ules occur as lower level modules. 

The main advantages of the satellite design of integration are: 

- an a priori selection of relevant phenomena to be analysed, such as the 
recreational activities in the Biesbosch area as mentioned in this chap- 
ter; 
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- the nodular representation of phenomena to give a systematic approach# 

The design of an I EM for the Biesbosch area is represented in terms of varia- 
bles, and this is analysed with binary and qualitative information only# The 
model representation in terms of stimulus- response relationships - depicted 
in terms of graphs - shows the interdependency between various stages of 
variables, with higher level variables determining the stage of variables in 
the lower levels# The variables from the regional- economic module (i.e#, 
consumption and employment levels with respect to recreational and non-re- 
creational activities) are determined by the levels of variables from higher 
stages# 

A simulation model of an IEM is formulated using qualitative calculus to 
determine the qualitative impacts from exogenous variables and lagged endo- 
genous variables on the endogenous variables# This simulation model with 8 
equations is not sign- solvable, and additional tools are presented in Chapter 
6 by means of a sequential introduction of numerical information on parameter 
values# Partial sign- solvability will be achieved with this investigation of 
model structure# 

The spatial context of outdoor recreation is analysed in Chapter 7. The rele- 
vance of various phenomena to come to the Biesbosch area was also discussed 
in this chapter, and a distinction is made between the relevance of recrea- 
tional phenomena, such as the availability of recreational facilities, and 
environmental phenomena, such as the presence of plants and animals# 

8.2# OUTLOOK OF THE STUDY 



The design and mathematical tools are discussed in this study within the 
framework of an integrated modelling analysis with respect to the environ- 
mental aspects of land use# The satellite design - developed for the Bies- 
bosch area with respect to recreational activities and land use - may also be 
useful in the case of an integrated modelling approach for the alternative 
environmental phenomena such as water and air# An outline of such a satellite 
design concerning an analysis of water distribution and water quality in the 
Netherlands was presented in Section 4 #4# 

The approaches presented in Chapter 5 which are based on the principles of 
qualitative calculus - with impacts denoted in qualitative terms - are rele- 
vant within the framework of integrated environmental modelling in order to 
trace the long-term and/or large-scale environmental consequences of policy 
activities and socio-economic development# The main reason for using such 
qualitative approaches is the uncertainty with respect to the large scale 
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and/or long term environmental stimulus-response effects. Consider for 
example the interactions among ecosystems, socio-economic development and 
climatic change. Climatic change may affect socio-economic development (such 
as agricultural and fishery activities). However, these effects can only be 
covered in a long-term and a large-scale analysis. It is often nearly impos- 
sible to obtain insight into the exact changes because of the uncertainties 
concerning the large temporal and spatial horizons, so that a qualitative 
approach may be an appropriate vehicle in such cases. 

A spatial analysis with respect to the multivariate nature of recreational 
activities was presented in Chapter 7 by making use of a multidimensional 
scaling procedure and related statistical techniques for behavioural ana- 
lysis. Such multivariate analyses can also be used as an exploratory tool to 
trace spatial patterns and temporal trends in human behaviour regarding en- 
vironmental phenomena in alternative spatial settings. In conclusion, many 
methods employed in the present study offer a broad scope for further appli- 
cations in integrated environmental modelling. 

The main achievements of this study are threefold. First, systems theory has 
shown to be a relevant methodology in case of multidisciplinary environmental 
research, where systems are described in terms of interdependent stages or 
processes. It is especially useful in integrated environmental modelling 
because these models can be represented adequately in terms of interrelated 
modules with processes which originate from various disciplines. Secondly, 
the satellite design for integration, which is based on the hierarchical 
characteristics of systems and subsystems, is a recently developed concept of 
integration of an I EM. This design is especially useful when one module of an 
IEM is a key factor of the analysis, and the other modules are related to 
this core module. Finally, the various mathematical and statistical methods 
discussed in this study are relevant tools to operationalize an IEM, either 
with imprecise information concerning parameters or with the various levels 
of measurement concerning the variables, as well as with the multivariate 
nature of phenomena in these integrated modelling approaches. 
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